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A bstract
A system was designed and built to measure four different physiological variables o f a 
golf putting action. Putters as well as weight pads were outfitted with strain gages while 
optical sensors were used to detect the golf ball presence. Through the use o f this 
equipment the data relating to weight shift between the golfer’s feet, strain on the putter 
shaft, and golf ball velocity was recorded. A computer with the Linux operating system 
was equipped with a data acquisition card and programs were written so the computer 
could collect data. A graphical user interface was also added to simplify the data 
collection process.
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1 Introduction
The Data Collection System for Putting Analysis was designed and built for the 
purpose o f  measuring the ball speed and trajectory, weight shift between the golfer’s feet, 
and the torque applied to the putter during the act o f putting. Individual system 
components were constructed to record different characteristics o f a putt and then 
interfaced together. The system components are shown below in Figure 1. The data 
collection is controlled through a custom graphical user interface, which is installed on a 
personal computer with data acquisition equipment.
Ball Detection Rails
Electrical
Enclosure
Weight Fads
Putters mtli 
Strain Gages
Extension
Cords
Figure 1: Labeled System Components
Dr. Stevenson and his colleagues are leading theoreticians o f the concept o f ‘Trust’ 
in complex automatic performance skills [1]. As described in one o f their articles, 
Stevenson and Moore state:
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“Trust is a skill in which athletes release conscious control over movements and 
allow automatic execution o f the motor programs that have been developed 
through training. The performance goal is to release conscious control and free 
oneself from fear o f mistakes in execution or outcome.” [2]
Through researching and understanding how Trust is learned, insight into psychology,
motor skill performance, and rehabilitation is possible. This project provides a system
capable o f collecting data that allows further study of the concept o f Trust.
The data collection system began in the summer o f 2002 by undergraduate 
engineering students: Ben DeJager, Jason Friskey, and Scott Fugate [3]. The initial 
design provided a starting point and basic design concepts, but there were limitations 
with the equipment used. The design was greatly improved and the following limitations 
were addressed. The Motorola 68HC11 processor used in the original design does not 
have the memory available to support extended programming and calculations, data 
transfer rate to provide fine resolution in collected data, nor the ability to store collected 
data. The weight pads were inaccurate; a conductive foam rubber was used to monitor 
weight load, but was sensitive to a localized force, which atificially inflated the weight 
pad reading.
The project was modified so a computer equipped with a data acquisition (DAQ) 
card replaced the Motorola 68HC11. The programming that was performed in C along 
with the PC and DAQ card eliminated the memory, transfer rate, and storage constraints 
o f the previous system. The weight pads were redesigned to eliminate the sensitivity to 
uneven loading through the use o f strain gages.
The following sections describe the hardware, software, and electrical components 
o f the Data Collection System.
2 Final Instrum entation C om ponents
Components in the final system are:
•  1 - data collection system outfitted on a “Putting Challenge, Ultimate Edition” 
(GL-Technologies) putting green.
o  1- personal computer (supplied by sponsor) equipped with:
■ Linux based operating system, data collection software, DAS08- 
Junior data acquisition board, 
o 2- standard putters equipped with strain gages 
o 1 - long shaft putter equipped with strain gage 
o  2- weight sensing floor pads
o 1- golf ball velocity sensing system equipped with photoelectric sensors 
o Extension cables for weight pads, putter and detection rails 
o  Electronics for conditioning signals from equipment 
o  Copy o f manuals, documentation and software code
System Capabilities:
•  The system records the following variables:
o  Weight distribution between the golfer’s feet during the putt 
o  Speed and traj ectory o f  the golf ball 
o  Strain on the putter shaft during the putt
•  The system requires minimal assembly for easy transportation.
3 System  C om ponents
The Data Collection System can be viewed as a large system containing 5 smaller 
sub-systems whose functions are:
1) Detection o f the speed and trajectory o f the ball
2) Measurement o f the change in weight between the golfer’s feet
3) Measurement o f the torque on the putter
4) Signal conditioning and computer interface
5) Software programming
The following subsections describe these systems in more detail.
3.1 Ball Speed and Trajectory Detection System
In order to record the speed and angle the golf ball travels after impact, a design 
relying heavily on geometry and algebra was implemented. The system contains 
equations needed for the calculations as well as hardware with photoelectric sensors. The 
sections that follow describe the design and calculation processes for the ball detection 
system.
3.1.1 Ball Detection System Design
A number o f factors are important in the design o f the ball detection system. The 
most important factors are outlined below:
• There should be no visual interferences for the golfer. If  there were interference 
in the system from using a tunnel design or one where the ball travels beneath 
connecting members, it was feared the golfer would learn to aim for features on 
the detection system instead o f the hole on the green. Visual interference could 
also distract the golfer’s ability to ‘read’ the green.
•  The detection system should be as unobtrusive as possible and allow the golfer to 
putt with minimal constraints. The golfer should be able to putt any distance from 
the sensing rails and have the rails as positioned as needed in order to putt 
comfortably.
• Some degree o f protection for the expensive optical sensors should be provided in 
the design. A ball impact could change a sensor’s alignment or damage it.
• The system should be portable and capable o f being used on putting greens on a 
golf course.
The system has two independent rails where the sensors are mounted to eliminate 
visual obstructions. The design allows the user to place the rails as far apart as necessary 
and only requires that the optical sensors be aligned before putting. The sensors are 
mounted within 2-inch square aluminum tubing, which allows protection from physical 
and mild elemental damage and provides a lightweight and compact design. A sample 
image o f the proposed rails can be seen below in Figure 2 and dimensioned drawings can 
be found in Appendix A.
Ball path
Figure 2: Detection Rails
3.1.2 Ball Speed and Trajectory Calculations
The speed and trajectory calculations rely on the assumptions that the ball moves in 
a straight line and at a constant speed past the parallel detection rails. To ensure there 
will be minimal error in the speed and trajectory calculations, it is important to have the 
rails close to the golfer as comfortably possible, and the ground flat and cleared o f debris.
Photoelectric sensors are positioned so the elapsed times between when the light 
beams are broken can be used to calculate the ball trajectory and speed. Three miniature 
self-contained optical sensors [4] are equipped with pinhole filters to increase system 
accuracy. The ball detection layout is shown in Figure 3:
Detector 0 Detector 1 Detector 2
BaUPtth
Target
Figure 3: Ball Detection System Layout
The angle the ball travels is measured with respect to a line that is exactly between the 
rails. If  the ball travels to the left o f this line (as shown in Figure 3) the angle is 
considered positive. Likewise, if  the ball were to travel to the right o f this line, the angle 
is considered to be negative. The launch angle o f the ball can be calculated as a ratio o f 
time the ball takes to travel from Detector 0 to Detector 1, and from Detector 1 to 
Detector 2. The times the photoelectric sensors are broken are labeled as TO, T l, and T2,
while the corresponding distances traveled between the time recordings are labeled L4 
and L5. These and other variables used in the calculations are noted in Figure 4. 
Calculation details can be found in Appendix B, while a summary can be seen below:
Detectors 0,1 
\
\
F \
L7-X
TO,
\  Tl
n N L<__________
T2
Ll U
\
\
\
\
L8
\
\
\ \ \
Figure 4: Variable Diagram of Ball Detection System
The ratio between L4 and L5 is proportional to the amount o f time it takes the golf 
ball to travel these distances. This can be calculated from Equation (1) as:
Z4 n-ro
L 5 ~ T 2 - T \ (1)
where L4 and L5 are written in terms o f  the speed o f the ball:
LA = (Tl -  T2) X velocity 15 = (T2 -  Tl) x velocity (2)
Since the golfer is permitted to move the rails to any position, the variables L l, L2 and 
L7 must be measured and updated in the program by the user for accurate calculations.
Finding the length L4 in terms of the measurable variables and the launch angle A 
becomes:
sin
Z 4 = -
f  ,  f L 2 ]
a rc ta n  —
U 7
X (L7 - L l x  ta n ( x ) )
/ fL2")
COS arc tan + A
I \^L7 J /
(3)
The length L5 in terms o f these variables is found to be:
sin a rc tan
n
[L7 J ) A  +  a rc ta n  —co s
\ L 7
cos M
Angle A was found from the ratio L4/L5:
A =  a rc tan 17  X
K - l
(5)
^ - K x L l - L l  
Where K  = L4/L5
Once the launch angle is calculated for given time recordings by substituting Equation 5 
into Equation 1, the speed o f the ball can be calculated from Equation 2.
The system acquires approximately 8000 data per second from the different 
components. It is assumed that the fastest ball speed to be detected will be 100 inches per 
second, which will easily travel 30 feet on a golf green. For detection rails that are 
placed a reasonable 15 inches (38.1cm) from the ball and 15 inches apart, the system is 
calculated to have a velocity tolerance o f ±0.066 inches per second (0.167 centimeters 
per second) and a launch angle tolerance of ±0.025 degrees.
3.2 Putt Force System Design
A strain gage (Measurement Group Inc. #CEA-13-240UZ-120) was used on the 
surface o f the putter shafts to monitor strain as the golfer moves the club. The 
transducers were chemically mounted to the shaft surface just below the rubber grip of 
the club (Figure 5) in order to minimize interference with the swing. To account for 
thermal expansion o f the shaft, a second strain gage was taped to the shaft, but not 
mounted. The difference in strain between the stressed gage and the unstressed gage 
provides accurate information about the deflection of the putter shaft, which can be used 
to find the equivalent putting force. The Wheatstone bridge and the differential 
operational amplifier used for signal conditioning is shown in Appendix C.
Figure 5: Location of Strain Gage on Putter Shaft
3.3 Weight Shift Detection System Design
The weight pads were designed to measure the total force applied by one foot, not 
the change o f force within the foot. For example, the golfer could be rocking toe-to-heel 
and the recording system would show no change in weight if  the total force on the weight
pad were constant. Four strain gages were mounted to each weight pad; two were used to 
balance toe-to-heel shifts and two more to balance left-to-right shifts. The strain gages 
were wired serially to each other so their total resistance would not change as long as a 
constant weight remained on the pads. A drawing o f a single weight pad is shown in 
Figure 6.
A-A
BOTTOM VIEW
STRAIN
GAGE
SIDE VIEW 
SECTION A-A
Figure 6: Weight Pad Design
The pads are designed so that a maximum force o f 21001b can be applied without plastic 
deformation o f the supporting members. Detailed calculations for the design are shown 
in Appendix D.
3.4 Signal Conditioning and PC interface
Additional electrical work was necessary to reduce noise, as well as condition the 
electrical signals to lie within the acceptable range o f the DAQ card. Information 
pertaining to these areas is discussed in the following subsections.
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3.4.1 Wiring Diagram
The wiring diagram o f the circuit board is shown in the next several figures. Figure 
7 shows how the different components interact with each other and Figure 8 shows how 
power supply noise is dealt with through the hardware.
< z >
<CI>
+12VDC
+5VDC
-lO V D C
COM
POWER SUPPLY
10-30 VDC
GND
OUTPUT0
OUTPUT 1
OUTPUT 2
OPTICAL
DETECTORS
DIGITAL INPUT 0
DIGITAL INPUT I
DIGITAL INPUT 2
DIGITAL GND
ANALOG INPUT 0
ANALOG INPUT I
ANALOG INPUT 2
ANALOG INPU TS-7
DAS08-JR
10-30 VDC
GND
OPTICAL EMITTERS
Figure 7: Wiring Diagram
lOOpF
< z >
a y
lOOuF
<I>
<v>.
IOOmF
Figure 8: Power Supply Noise Reduction
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Capacitors were used because as the golf ball travels through the optical detectors there is 
a rapid change in voltage that affects the power supply and creates noise spikes in the 
data. The capacitors help filter this sudden change by briefly supplying voltage as the 
power supply voltage drops or charging as the power supply briefly increases in voltage.
3.4.2 Optical Sensor Voltage Dividers
Signals sent to the computer to be read by the DAQ card must be within acceptable 
voltage ranges depending on whether the signal is analog or digital. Table 1 provides a 
quick reference for voltage ranges that can be used with the DAS08-JR card.
Table 1; CIO-DAS08-JR Board Voltage Parameters
Hism mmmm mmim
5 -5 30 -30
5 -5 5 -5
5 2 7 2
mmm 0.8 -0.5 0.8 -0.5
\mmm 5 2.7 5 2.7mmvm 0.5 0 0.5 0
The optical sensors are connected so the digital inputs go high when the sensors are 
tripped. The sensors are powered by 12VDC and the DAS08-JR’s digital input lower 
limit is shown to be 2VDC. Therefore, a voltage divider circuit was used to reduce the 
original 12VDC to an acceptable 2.8VDC.
33KO 33Kn 33Kn
< ^ 7 )^ ^ V V \rr --------
lOKO
<D <z>
Figure 9: Digital Input Voltage Dividers 
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From using the 33KO and lOKQ resistors, the voltage divider circuit reduces the 
supplied voltage to approximately 2.79V ±0.22V. The voltage divider calculations are 
found in Appendix C.
3.4.3 Putt Force Operational Amplifiers
A differential op-amp with a Wheatstone bridge was used to amplify the voltage 
difference o f the putter’s strain gages [5]. To account for thermal expansion o f the putter 
shaft, two strain gages are used; one mounted to the putter shaft, and one that was not 
mounted. The mounted gage is calibrated to the free gage through the potentiometer to 
ensure accurate readings.
Req =I20n
S.G. U.S.G. LM3I8N
4.7Mfi
Figure 10: Putter Strain Gage Operationai Ampiifier
The circuit used compares the voltage difference between the stressed gage (S.G.) and the 
unstressed strain gage (U.S.G) and multiplies the difference by a factor o f 4.7MQ/3.9KD
13
= 1205. The actual gain is between 1090 and 1332 due to the tolerance o f the resistors 
used. These calculations can be found in Appendix C.
3.4.4 Weight Pad Operational Amplifiers
The wiring for the weight pads is very similar to the wiring done for the putter. 
However, due to the geometry o f  the weight pads four strain gages were used. In 
addition to the four strain gages that are mounted to the weight pad frames (“S.G.” in 
Figure 10 or Figure 11), four additional gages are left unstressed on the frame to account 
for thermal expansion (“U.S.G.” in Figure 10 or Figure 11). Connecting the strain gages 
serially allows further work to be done with the weight pads; the gages could be removed 
from their serial configuration and data collected from each independently. Modifying 
the weight pads allows not only the total weight on each pad to be monitored, but also the 
weight shift within each foot. A gain o f  22MQ/1.8KQ = 12,222 is used to multiply the 
strain readings from the weight pads to an acceptable range (circuit shown in Figure 11). 
The actual gain is between 13,509 and 11,058 due to the tolerance o f the resistors. 
Unfortunately, the noise in the system is also magnified and the data from the weight 
pads is much less linear than the data collected from the putters. An explanation o f the 
calculations related to Figure 11 can be found in Appendix C.
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< z>
S.G. U.S.G LM3I8N
< I>22MG
Figure 11: Weight Fads Operational Amplifier
3.4.5 Circuit Board Layout
The circuit board resides within the electrical enclosure and contains the hardware 
signal conditioning and component interfacing. The circuit board connects to the PC 
through a 40-pin ribbon cable and to the putting system components through additional 
connectors (see Table 2). In addition to having their respective wires labeled, the signal 
conditioning voltage dividers and op-amps have been circled in Figure 12. Appendix E 
further labels the circuit board to show the potentiometers used for the op-amps. These 
locations are important for calibrating the analog components, which is discussed in the 
Detailed System Setup Instructions found in Appendix E.
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Connectors 
Sir different 
systems
Putter 
Amplifier
Left
We%htPad 
Amplifier
Optical
Detector
Voltage
Dividers
Internal 
Power 
Simply 
Connection
Right 
We^ktPad 
Amplifier
KibDon
Connectun
Figure 12: Circuit Boarti Layout
3.4.6 Electrical Enclosure Connectors
The electrical enclosure is responsible for connecting the different putting 
components to the PC. Connectors are used to quickly connect and disconnect the ball 
detection rails, weight pads, and putters. A 40-pin ribbon cable connector is located 
within the enclosure and is used to transfer data to the PC.
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3.4.6.1 Connectors
A variety o f connectors are used to eliminate mistakes in connecting the system 
together; the connectors will only mate with their correct counterpart. The mapping of 
the individual pins o f the Molex connectors used is shown in the Figure 13.
0 #3
0 0 © 
0 0 ©
#2 #4
0000j <00
Figure 13: Molex Connector Diagram
Table 2 below describes which connector is used for which component as well as 
how each pin is used.
Table 2: Electrical Enclosure Molex Connectors
DETECTOR RAIL #1 123456 F
1 EMPTY _
2 D BLACK GND
3 A RED +12VDC
4 G 6REEWYELLOW D2 FEEDBACK
5 F WHITE D1FEEDBACK
6 E YELLOW DO FEEDBACK
PUTTER STRAIN. ;  
. GAGES ' ■
Y E a o im ONSTRESSEOGAfiE'^r/r'^^'"r^Vr'-“ '.".“ ‘' '"  -
m s i m o m BCACKUm
S S b S S I S D 3 B BCACKSai
REoaaad
WEIGHT PADS #3
123
456
789
F
1 — ORANGE PAD 2 (RIGHT PAD) STRESSED GAGE
2 — EMPTY —
3 — YELLOW PAD 1 (LEFT PAD) STRESSED GAGE
4 — EMPTY —
5 0 BLACK GND
6 — EMPTY —
7 — GRAY PAD 1 (LEFT PAD) UNSTRESSED GAGE
S — EMPTY —
9 — PINK PAD 2 (RIGHT PAD) UNSTRESSED GAGE
EMITTER RAIL .-rV'. [• K s o a i BLACK»'*Î52S KSASg HEOSSmSi
POWER
CONNECTOR #2 1234 M
1 A YELLOW +12VDC
2 B RED +5VDC
3 D BLACK GND
4 C BLACK •10VDC
17
3.4.Ô.2 Ribbon Cable Connector
A ribbon cable connector is located within the electrical enclosure and is used to 
connect the DAQ card to the circuit board. Figure 14 shows the pin information for the 
ribbon cable used (when viewed from the end). 12VDC is wired to the unused analog 
inputs to reduce noise. Grounding these inputs was also tried, but since both the analog 
and digital grounds were wired together in order to collect data, more noise was present.
*12 VDC 
*12 VDC 
*12 VDC 
*12 VDC 
*12 VDC 
(RK3HT WEIGHT PAD) 
(LEFT WEIGHT PAD) 
(PUTTER STRAIH GAGE)
UNUSED 
ANALOG OUTPUT 1 
ANALOG OUTPUT 0 
ANALOG GND 
DIGITAL OUTPUT 7 
DIGITAL OUTPUT 6 
DIGITAL OUTPUT 5 
DIGITAL OUTPUT 4 
DIGITAL OUTPUT 3 
DIGITAL OUTPUT 2 
DIGITAL OUTPUT 1 
DIGITAL OUTPUT 0 
ANALOG INPUT 7 
ANALOG INPUT 6 
ANALOG INPUT 5 
ANALOG INPUT 4 
ANALOG INPUT 3 
ANALOG INPUT 2 
ANALOG INPUT 1 
ANALOG INPUT 0
UNUSED 
UNUSED 
GROUND 
GROUND 
+12 VDC 
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DIGITAL INPUT 1 (DETECTOR 1) 
DIGITAL INPUT 0 (DETECTOR 0) 
ANALOG GROUND 
ANALOG GROUND 
ANALOG GROUND 
ANALOG GROUND
Figure 14: Ribbon Cabie Pin Layout
3.4.7 Computer Specifications
The computer used was a PC with the Linux Red Hat 7.2 operating system 
installed. Linux was used instead o f a different OS because it is a robust development 
package and is open-source so no license is needed. The computer is a 333MHz Pentium 
Celeron class machine with 64 MB o f RAM and a 6.4GB hard drive. The programs were 
written in C and the graphical user interface was written in gtk+ (the gnome toolkit). An 
add-on to the gtk+ software named Glade was used to generate much o f the code for the 
graphical user interface.
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3.5 Calibration
3.5.1 Putt Force Calibration
A total o f 3 putters were equipped with transducers: a 44-inch long shaft putter, a 
standard heal-to-toe weighted putter with a black head, and a standard heal-to-toe 
weighted putter with a composite insert in the head. All three putters are calibrated, but 
the following is an example o f the steps used to calibrate the long shaft putter. The 
calibration equations and graphs for all o f the putters can be found in Appendix F.
The long shaft putter was held in a vice horizontally while data was recorded. For 
different recording trials, different masses were added to the head o f the putter. The 
individual masses were slowly added after the data acquisition began and the putter shaft 
deflected. The mass provided a deflection in the shaft o f the putter and the software 
recorded the respective change in the voltage. Once the voltage reading was measured 
for forces o f 0,10,20,50,100,200,500,and 1000-gram masses, the results were graphed in 
order to find a correlation between the deflection and applied force. Additional masses 
were not used because the 1000 grams provided a deflection greater than any putt stroke 
measured would create. The resulting Voltage Reading vs. Time graph is shown in 
Figure 15.
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Figure 15: Long Shaft Voltage Reading vs. Time
The average voltage reading at steady state was found and compared to the trial’s initial 
and unstressed reading. This average change in voltage was found for all mass trials and 
was then graphed to find the relationship between the change in voltage and the mass 
applied. Linear regression was then used to determine the calibrating equation for the 
putter, as shown in Figiffe 16.
1200
8
I ■  Applied Forces 
^ L in e a r  (Applied Forces)
y *1087.7x + 13.859 
R"« 0.0005
400
10.4 0.8 0.80 0.2
Change In Voltage (V)
Figure 16: Long Shaft Putter Mass vs. Strain Reading
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From linear regression, the calibration equation for this putter is: grams force = 
1087.7(AV) + 13.859. Once the calibration equation was found, the units were 
manipulated in the program to display in either Standard International or Imperial.
3.5.2 Weight Shift System Caiibration
The weight pads operate similar to the putters. The force o f a person stepping on 
the weight pads cause strain in the members, which is read by the recording program.
The process o f converting the voltage readings into force readings for a single weight pad 
is outlined below. All o f the weight pad calibration equations and graphs can be found in 
Appendix G.
The operational amplifiers used with the weight pads have a gain o f over 12,000 in 
order to make the change in strain sufficient to display. The problem with such a high 
gain is that noise and other interferences are also amplified. Figure 17 shows an example 
o f how five different recordings with the same load applied can vary due to noise.
2M
ra 2.01
ISO 200
Time (4 seconds total)
250 300 350
Figure 17: Left Weight Pad Zero Load, Voltage Change vs. Time
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The voltage readings in Figure 17 appear to be between ±0.0 IV due to noise. This 
tolerance was used to determine the error in the calculations.
Determining the relationship between displacement force and the change in voltage 
requires different forces be measured and recorded while acting on the weight pads. 
Forces o f approximately 20,40,145,165, and 185 pounds (10 ,20 ,65 ,75 , and 85kg) 
were applied to each o f the weight pads while data were recorded. Forces exceeding 185 
pounds were not used since this force indicates that the user would weigh over 350 
pounds. The results for the left weight pad are shown below in Figure 18.
A 85kg 
20kg 
□ 10kg
- .  0.6
Uhi tm
Time (4 se c  total)
Figure 18: Left Weight Pad Loaded, Voltage vs. Time
The initial spikes in the data are due to impact loading o f the weight pad, but once 
the system reached steady state the data was rather linear with little noise. The average 
voltage change for each loading condition was found and then graphed to determine a 
calibration equation. Linear regression was then used to determine the equation for the 
voltage vs. force relationship. The graph o f the change in voltage vs. applied force is 
shown in Figure 19.
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Figure 19: Left Weight Pad Calibration Graph
The calibration equation is: Kg force = 146.12(AV) +0.69 for the left weight pad. It 
was determined before that the data had a tolerance close to ±0.01 V from noise. Using 
this value with the calibration equation yields a tolerance o f  about ±2.15 Kg (±4.73 
pounds force) for this weight pad. The right weight pad was measured to have a 
tolerance o f  approximately ±0.01 V, which translates into ±1.3 Kg (±2.8 pounds force).
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3.6 Program Flowchart
The program was created to be menu based and allow the user to update system settings 
or record trials at any time. A straightforward method of doing this was by writing a 
number o f independent programs that are called from a main menu program. The Main 
Menu program menu structure can be seen in Figure 20.
MAIN MENU
-C O L L E C T  DATA
I  CALL READER.CPP
—  CALIBRATE FLOOR LAYOUT
-^----  CALL FLOOR_LAYOUT.CPP
-R E S E T  DATA
b SET TALLY = 0 DELETE ALL FILES
—  POST PROCESS COLLECTED DATA
l _ CALL POST PROC.CPP
—  DEFINE UNIT SYSTEM
L CALL UNITS.CPP
—  SAVE DATA TO DISK
 ^  COPY FILES TO DISK
-  CALIBRATE STRAIN GAGES 
I  CALLSTRAIN_G.CPP
Figure 20: Main Menu Program, Menu Structure
The reader.cpp program, whose flowchart is shown below, is used to record data 
from the DAQ card and perform simple calculations for the speed and trajectory o f the
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ball. The more complicated calculations for the analog data are dealt with through the 
post-processor.
START
END
INCREMENT TALLY.CFG
UPDATE OUTPUT FILE 
NAMES
WRITE ANALOG DATA TO 
FILE
READ PORT AND 
DURATION FROM 
SENSOR.CFG
READ DATA FROM DAQ 
FO R 4 SECONDS
READ CURRENT TALLY 
FROM TALLY.CFG
PREFORM DIGITAL 
CALCULATIONS AND 
WRITE TO FILE
Figure 21: Readencpp Flowchart
A program called ‘floor_layout.cpp’ is used to update the stored dimensions o f the 
putting green for calculation accuracy. Three putters have been outfitted for use with the 
putting system and the putter currently being used may be selected. The floorjayout.cpp 
flowchart is shown in Figure 22.
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START
END
WRITE SENSOR.CFG
READ CURRENT UNIT 
SYSTEM FROM UNITS.CFG
PROMPT USER FOR 
DIMENSIONS AND 
CURRENT PUTTER
Figure 22: Floor_!ayout.cpp Flowchart
A program was needed to help the user determine whether the strain gages require 
calibration. The program ‘strain_g.cpp’ displays the strain reading from a selected strain 
gage to the screen for a variable amount o f time. The ‘strain g.cpp’ program flowchart is 
shown below;
START
END
READ PORT AND 
DURATION FROM 
STRAIN.CFG
DISPLAY PORT TO SCREEN 
FOR DURATION
Figure 23: Strain_g.cpp Flowchart
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The ‘reader.cpp’ program performs the simple calculations needed for the ball 
speed and trajectory. However, a more complicated program is needed for dealing with 
the analog data collected from the putter and weight pads. The ‘post-proc.cpp’ program 
reads all the data that has already been collected, zeroes the data, modifies the data to 
reduce the amount o f noise and attempts to detect the impact between the putter and the 
ball. The post-processor opens the raw data files, stored as a_#.txt, and writes the 
‘analog_#.txt’ files that will later be copied to disk. A vertical line is added to the analog 
data where the program detected the impact with the ball. I f  no impact was detected, then 
no line is drawn.
START
END
PREFORM CALCULATIONS
WRITE DATA TO 
RESPECTIVE FILE
AVERAGE FIRST 1000 
VALUES TO ZERO DATA
READ ALL 
iWALOG FILES AND 
MODIFY ONE AT A TIME
READ CURRENT SETTINGS 
FROM UNITS.CFG, 
SENSOR.CFGAND 
TALLY.CFG
Figure 24: Postproc.cpp Flowchart
27
The units.cpp program, whose flowchart is shown in Figure 25, allows the user to 
select the unit system is used in recording and post-processing the data. The unit systems 
available are the Standard International System (also called the Metric System - cm/sec. 
Newtons, etc.), or the Imperial System (also called the English System - in/sec, pounds 
force, etc.). Information relating to the selected system is written to the file and will be 
accessed by other programs to ensure the correct unit system will be maintained. 
Unfortunately, because the user has the ability to change the unit system at any time, it is 
possible to have the digital files and the analog files written in different units. If the user 
changes the unit system before the data is post-processed and saved to disk, the digital 
files will be recorded in the original units, but the post-processor will perform 
calculations based on the newly selected unit system. Therefore, it is important the 
correct unit system is selected prior to any data collection.
START
END
WRITE RESPONSE 
TO UNITS.CFG
PROMPT USER 
FOR UNIT SYSTEM
Figure 25: Units.cpp Flowchart
Table 3 includes a list o f executable files, configuration files, data files, and 
program files that were created. This table does not include information on the programs
28
used to initialize, read from or write to the DAQ card, or any o f the many other files 
needed for the graphical interface.
Table 3: Important Files Used and their Descriptions
# fa« » % :;* k o ca ilo n « m p * w * w seff isa s iB îseaB iiiiw eÉ sflS H saan B B S w D esc tlir tlo n ssïss^  rw-sr-
a_#.txt /root/putt/ file of analog values before post-processing (# corresponds with tally.cfg)
analog_#.txt /root/DUtt/ post-processed analog Information (# corresponds with a  tf.ktl
callbacks.cDD /root/Prolects/outfer-oroiect/src/ GTK+ file and code for each widget In glade
das08_io.cpp /root/putt/ dasOS communication
das08_io.h /root/putt/ dasOS communication
dlgltat_#.txt /root/putt/ file of the digital information stored f# corresponds with tally.cfg)
floor lavouLcpp /root/outt/ prompts dimensions of system and putter used
post proc.cpp /root/putt/ conditions collected data for easy viewing - Performs calculations to analog data
puttsr-prolect root/Prelects/putter-pmlect/src/ GUI based program executable
putter p ro lec tg lade /root/Proiects/Dutter-orolect/ GLADE orolect file
reader.cpp /root/putt/ collects values from DAQ card and calculates speed and trajectory
recen ttx t /root/putt/ stores the most recent digital information for display In glade
sam ple FOOt/PUtt/ menu based program executable
sam ple.cpp /root/putt/ text-based main menu program
sensor.cfg /root/putt/ configuration file that stores layout dimensions (In Inches) and putter selection
strain g.cpp /root/putt/ displays putter strain gage information for calibration
straln.cfg /root/putt/ displays duration (In seconds) and analog port to read (0-2)
straln_p1.cpp /root/putt/ displays left weight pad strain gage infonnatlon for calibration
straln_p2.cpp /root/putt/ displays right weight pad strain gage information for calibration
tally.cfg /root/putt/ configuration file that stores the current trial number
unlts.cfg /root/putt/ configuration file that stores the unit system that is selected
units.cpp /root/putt/ prompts for the choice of unit system (Imperial or SI)
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4 System  S etup  Instructions
This section lists the activities involved in collecting data. Step-by-step instructions 
for setup o f  the hardware, use o f the software, and graphing the data can be found in 
Appendix E. The following steps are used in the system setup and data collection.
1. Arrange weight pads and detector rails on the putting green. Select which o f the 
putters will be used and connect all system components to the electrical enclosure 
through the supplied extension cords.
2. Tum the electrical enclosure ON and align detector rails. Tum the electrical 
enclosure OFF when done.
3. Connect the ribbon cable from the electrical enclosure to the DAQ card in the PC.
4. Tum the PC ON and login to the Linux Red Hat operating system.
5. Tum the power to the electrical enclosure ON.
6. Open the Putting Variables Recording Program. Check the input values from the 
strain gages to determine if  calibration is necessary. Update the putter, unit 
system, and layout dimension information. The Putting Variables Recording 
Program Main Menu screen is shown in Figure 26.
7. Continue to record data. When complete, post-process the data and save to a 
floppy disk.
8. Import the saved trial information into spreadsheet software and graph to 
interpret.
P u tting  V a n a b ii? ; R e fo ld in g  P iog ram  -  M am  Ivlenu
Data Settings Help
Unit System:
Putter Used;
Imperial (English)
Black Head Standard Putter
Layout Dimensions: 14.00ln (rall-rall), 24.00ln (ball-rall)
Current Trial #:
Delay Before 
Recording:
5 seconds [
Start Data Recording
Retiash Information
Trial Results:
Ball Speed: 
Ball Trajectory
-Record Trial First—  
-Record Trial F i r s t -
Figure 26: Putting Variables Recording Program Main Menu
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5 G raphical Data Interpretation
This section explains what information may be derived from studying the changing 
forces on the weight pads as well as the putter. It is assumed the user already has 
knowledge o f how to graph the data contained in the analog files.
5.1 Putter Force Graph
The force graph displays the amount o f force the putter shaft undergoes during the 
putt. Be careful to note that the Imperial units displayed as ‘ l/28oz’, which means the 
actual forces on the putter are 28 times smaller than displayed. The forces were scaled in 
order to maintain the data resolution by manipulating the actual data as little as possible. 
During post-processing, the software attempts to identify the instant the putter strikes the 
ball by searching for characteristics o f an impact. I f  these characteristics are present, a 
vertical line is inserted in the data. If  the putter head was scuffed on the ground before 
hitting the ball, tapped against something after the putt, or there is excessive noise, the 
ball impact is more likely to be detected incorrectly or not at all.
An increase in the force graph means the putter is deflecting as if  the golfer is 
swinging the putter forward (the putter is bending away from the ball). Likewise, a 
negative force is caused when the putter deflects as if  tlie golfer is either in the back 
swing or slowing the putter after hitting the ball (the putter is deflecting toward the ball). 
A sample o f  interpreting the Putter Force vs. Time graph can be seen below in Figure 27. 
Additional interpretations can be found in Appendix H.
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Figure 27: Putter Force Graph Interpretation 
Before the golfer began to swing, there was no change in the state o f the putter
(Time data points 0 -  60). During the back swing, the putter shaft was deflecting towards
the ball due to the inertia o f the shaft and head (Time data points 60 -  80). The golfer
then applied a torque on the putter grip to reverse the motion and swing forward to hit the
ball (at approximately point 80). Between points 80 and 110, the putter head continued
to travel backwards even though it was decelerating from the applied torque. Point 110,
where the force is zero, was the transition between the shaft deflecting toward the ball
and deflecting away from the ball. Between points 110 and 140 (the peak force) the
putter head reversed direction and was accelerated to strike the ball. The peak force was
caused at the point were the putter shaft underwent the greatest deflection due to the
applied torque and the changing momentum o f the putter. The combination o f putter
shaft releasing energy, which was stored through deflection, and a constant torque
applied by the golfer caused the sudden decrease in force between points 140 and 160.
This was also the area o f the swing where the ball was struck. Many golfers hold the
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putter extended toward the rolling golf ball after impact for the follow through o f their 
swing. Extending the putter in this manner causes the shaft to deflect towards the 
ground, or away fi’om the golf ball, due to the mass of the head and shaft. The follow 
through explains the forces seen in the data points 170 through 320.
5.2 Weight Pad Force Graph
The weight pads are used to measure the change in weight throughout the trial. Not 
only are the weight pads able to measure the change in force between each foot, but also 
whether the golfer is raising or lowering in stance (this is also called weighting or 
unweighting body mass). For instance, if  the total force on the weight pads increases, 
then the golfer is rising (weighting) in stance or slowing ft"om lowering in stance. I f  the 
total force on the weight pads decreases then the golfer is either lowering (unweighting) 
in stance or slowing after rising in stance. Remember, the system calculates the change 
in force acting on the weight pads. For instance, if  the pads were unloaded when the 
recording began and the golfer stepped on them, the graph may appear similar to the 
graph shown in Figure 28.
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Figure 28: Weight Pad Force Interpretation
From analyzing the force graph it can be determined the golfer first stepped on the 
weight pads with the left foot, then the right, balanced briefly, and then had a weight shift 
to the left foot. The “Total weight” data line remains fairly constant once the golfer is on 
the weight pads. The small spike in the total weight when the right foot first touches the 
weight pad can be attributed to the downward momentum o f the right leg. Unfortunately, 
there is noise present in the data, which is only magnified as the total change in the 
applied force becomes smaller. Figure 29 shows an example o f interpreting the forces 
between the weight pads when the golfer begins data acquisition while standing on the 
pads. Additional interpretations can be found in Appendix H.
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Figure 29: Weight Pad Force Interpretation
A weight shift fi’om the left to the right weight pad occurs before the detected 
impact. Shortly after the impact the weight is transferred back to the left pad. This shift 
in weight may be caused by the mass o f the swinging putter changing sides o f the golfer 
or by the golfer’s torso swaying to follow the swing of the putter.
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6 Future Work and C onclusion
Dealing with this project has given me insight into which areas additional work or 
research might be worthwhile. Unfortunately, due to time constraints, budget constraints, 
or other reasons certain changes were unable to be implemented. The following 
subsections contain ideas and information that may be useful in expanding this system.
6.1 System Noise
Signal noise in the data was a constant issue. A next step that can be taken is 
additional research into methods o f reducing the noise or replacing components that 
amplify the noise. Better shielding on the extension and ribbon cables, better methods of 
post-processing, and redesigning system components are possibilities for reducing noise.
6.2 Weight Pads
The weight pad readings have an enormous amount o f noise from the op-amp’s 
gain. I f  the weight pads could be replaced with another system that did not rely on the 
strain gages, the need for the high gain op-amps would be eliminated. An improved 
weight pad design could incorporate force sensitive resistors (FSR’s) instead o f the strain 
transducers used. FSR’s are extremely thin and the bulky weight pads could be replaced 
with a rollout mat. The problem faced was that only two suppliers could be located who 
manufacture these hard-to-find resistors. One company by the name o f Interlink 
Electronics (http://www.interlinkelectronics.com/) does not sell equipment commercially; 
they mainly sell FSR’s to laptop computer manufacturers. A $150 sample kit is available 
from them that contains different FSR’s, o f which only a few would be useful. Another
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company is located in Europe and is called Steadlands [6]. Unfortunately, additional 
information about this company could not be found because o f their website errors and 
inability to locate suppliers o f their equipment.
Recently, it was brought to my attention o f another company that manufactures 
FSR’s under the different name of FlexiForce. Even better is that Tekscan is willing to 
sell to the public and order forms can be downloaded from their website [7]. The resistors 
can be ordered for various loading ranges, which is ideal for the construction o f  new 
weight pads.
6.3 Software
The software could be changed to make the interface more user-friendly. If  the 
software would notify the user when the analog input value is outside the acceptable 
range, the need for the user to check the strain gages every time the system is setup would 
be eliminated.
Additional coding in the callbacks.c or main.c program might eliminate the initial 
‘refreshing’ that needs to be done in the ‘Putting Variables Recording Program’. A lot of 
code was added to have the main menu refreshed every time a child window was closed, 
but trying to add the code to have the main menu refreshed every time the program was 
run just lead to a number o f programming and pointer errors.
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Appendix B Bail S peed  and Trajectory C alculations
Velocity Calculations
The putting system contains a section where the ball breaks a  number of photoelectric sensors 
that are specifically arranged. Through the orientation and calculations of the sensors, the 
speed and accuracy of the putt can be determined. The Sensor Layout can be seen  in Figure 
30.
The Sensor Layout broken into more detailed segm ents can be seen  in Figure 31: Detailed 
Trajectory and Sensory Layout.
The only inputs from the system are where the photoelectric sensors are  broken, denoted as  
TO, T1 and T2. As the putt angle (A) increases, the times the sensors are  triggered change and 
give the opportunity to write the angle (A) a s  a function of these  times:
Calculations:
From basic physics, it is known that: velocity*AÉÎ^Ü2î. or A distance= A time velocity
Atime
by substituting our distances L4 and L5 and the change in time into this equation yields:
L 4 sb(  T 1  -  TO) -v e lo c i ty  L5»( T2 -  T1 ) - v e lo c i ty  E quation 0
Since velocity is unknown, a ratio between L4 and L5 can be used to cancel the velocity:
Equation 1
L5 T 2-T 1
Now that there is a basic equation, L4 and L5 need to be solved in term s of the launch angle, A.
40
Finding L4:
The triangle that u ses the side L4 can be seen  in Figure 32. Through using trigonometry, the 
needed variable information can be determined.
Bsatan [— | Fsatan (— 1 B=90 degrees -  A 0 * 9 0 -  F + A
\ L 2 j  \ L l j
0 * 9 0 - A 0 * 1 8 0 -A - B
The variable X can be found to be:
X=L1 tan(A)
Using the Law of Sines, the side L4 can be written in terms of these variables:
L4 _ L 7 -  Ll-tan(A) 
sin(F) sin(C)
Solving for L4 and simplifying:
• / ♦ /L2sin atan •|at j  ] •( L 7 - L1 -tan ( A ) )
cos atan
\ m
^ Equation 2
41
Finding L5:
The triangle with side L5 can be seen in Figure 33. The length L5 needs to be found in a s  a 
function of the angle A.
L5 can be written as:
L5 _L 6+ L 8
sin(F) sin(D)
Where L6, from Figure 34, can be found to be:
L6 ,L 1  +  L2 
sin(A) sin(G)
sin(A)-(Ll4-L2)
sin(G)
Where L8 can be found to be:
Therefore, L5 is rewritten as:
L3=_
/ L2\ A-h atan —  
\L7/
cos
cos(A)
Now L4 and L5 can be combined to determine the time ratio:
Equation 3
s in |a ta n |^ | |- ( L 7 -  Li-tan(A))
l-lf t +
cos(A)
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simplifying. . .
L4_ (L7-cos(A)-Ll-sin(A))
L5 I
{ h f  + L f )  •cos|a tan |^]-hA ] +  Ll-sin(A) + sin(A)-L2
This ratio is now solved for the angle A; 
( T - 1 )A=atan L7- K=idwhere ^5 Equation 4
With the current sensor layout, the upper and lower sensor limits are cropped off. A more accurate 
representation of the sensor layout can be seen in Figure 35. Aithough the actual length, L7, cannot 
be physically measured on the system, the length can be derived:
L7SL8+L9 where L8=L10tan(B)
The angle B can be written in terms of L9, L10, and L2:
Bsatan I
IL2-L10,
therefore
LSsLlO- tan atan
iL2- LIO/
L7 then becomes:
L7=L9+ LIO tan atan
\ \ \L 2 - LIO, Equation 5
The solution for angle A can then in turn be used to find sides L4 and L5. The velocity of the golf 
ball can be found with the use of Equation 0:
The average velocity over L4 and L5 becomes:
_ L 4 + L 5velocity s
T 2-T 0
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Verification;
To determine whether this answer makes sense, the angle A will be graphed against different ratios 
of L4 to L5.
defining system variables:
LI :=1 m L7:=.2m
Letting K=—
L5
Then solving for A becomes:
A(K) .-atan L7- ( K -1 )
(-K-L1-L1)
Angle A will be evaluated from L4/L5=0.1 to 10, using a step value of 0.1 
K : = . l , , 2 . .  10
Angle A vs. L4/L5 Ratio
- 1 0
K
L4/L5 Ratio
The graph of the trajectory angle as the ratio of L4/L5 changes is reasonable because as the ratio 
approaches 1, the trajectory angle approaches 0 degrees. When L5 is greater than L4, the 
trajectory has a positive angle, and when L4 is greater than L5 the trajectory is negative.
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Accuracy
The accuracy of the speed and trajectory equations is a function of the resolution of the system. The 
system acquires approximately 8,000 readings from optical sensors over one second. Assuming that 
the fastest the golf ball is hit will be 100 inches per second (which will easily travel 30 feet on a level 
putting green), the distance traveled during a single reading can be calculated;
readings := 1 reading := 1
sample rate := 1 sec r4
8000 readings
sample_rate = 1.25 10 i
reading
The distance that the golf ball can travel during this time is:
ball_velocity := 100 in
sec
ball_displacement :=ball_velocity sample_rate ball_displacement =0.013»in
Therefore, the ball can travel 0.013 inches in the time it takes one data value to be acquired by the 
system.
The data that is acquired by the system can be collected the instant the ball breaks the optical light 
beam (referred to as 0 for 'on time'), up to 0.000125 seconds after the ball passes through the plane of 
the beam (referred to as 1 for 'late'), or any instant in between. The different permutations of the 
possible combinations of breaking the sensors and the effect on lengths L4, L5 is shown in Table 3 
below. The numbers indicate the difference between the true time/distance of the golf ball and what the 
system would record.
Table 4: System Resolution Effects on Calculations
m f f l p s p n gCHANGBim
« h È a a a e
0 0 0 0 0 0
0 0 1 0 0.013 0.000125
«: u" !H:jt < !> 0 1 0 0.013 -0.013 0
0 1 1 0.013 0 0.000125
1 0 0 -0.013 0 -0.000125
g S R g g 1 0 1 -0.013 0.013 0
1 1 0 0 -0.013 -0.000125.. . , .rxAci'. 1 1 1 0 0 0
assuming that the ball is hit down the center of the detection rails (L4=L5, K=1 ) and that the position of 
the rails is similar to the experimental setup:
LI := 15 in L7:=7.5 in K :=l L4:=L1 L5:=L1 L2:=L1
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Defining these results into equation form (in inches), where K = L4/L5, a T is the deviation from 
actual time
each trial is noted i = 0 to 7 i:= 0 ,1 ..7
AL4g :=0 in A L 5 Q := 0 in ATg:=Os
AL4j :=Oin AL5,1=0.013 in ATj :=0.000125s
AL4  ^:= 0.013 in ALS  ^:=-0.013in AT^:=Os
AL4^:=0.013in AL5j :=Oin AT^:=.000125s
AL4 :=-0.013in
4
AL5. :=Oin
4
A T  := -.000125s
4
AL4g:=-0.013in AL5j 1=0.013 in ATg:=Os
AL4^:=0in AL5g :=-0.013in AT^:=-.000125s
AL4y :=Oin AL5  ^:=Oin ATy=Os
L4+AL4.
K.:=------------L
' L5+AL5.
The calculated launch angle A for each trial becomes:
A. :=atan 
1
c ^ - ' )  ,
The calculated velocity of the ball for the possible launch angles can be calculated:
The first and the last optical sensor in the detection rail are 19 inches apart from each 
other. The actual time for the ball to travel through the optical sensors is:
actual time := 19 in
ball_veiocity
The calculated distance traveled for each trial is: 
19 in
actual time = 0.19 s
distance. :=-
cos
46
The calculated velocity of the ball for each calculated distance traveled is: 
distance,
velocity. :=-
actualtime + AT.
The maximum and minimum calculated velocity and launch angle for the different permutations 
of the system resolution is shown in the tables below:
velocity. = in A. = 1
100 s 0
99.9342561 0.012
100.0000094 -0.025
99.9342561 -0.012
100.0658351 0.012
100.0000094 0.025
100.0658351 -0.012
100 0
«deg
The maximum deviation from the actual ball speed and trajectory is:
100— —  velocity = 0.066t2!L 
sec sec
0 deg -  A^ = 0.025»deg
100— —  velocity = -0 .0 6 6 t^  
sec sec
0 deg -  A j  = - 0.025»deg
Therefore, from the information in the tables above, the velocity tolerance is +/- 0.066 in/sec 
while the tolerance on the launch angle is +/- 0.025 degrees
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Figure 30: Sensor Layout (top view)
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Figure 31: Detailed Trajectory and Sensor Layout
L7-X
L4
Figure 32: Triangle with Side L4
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Figure 33: Triangle with Side L5
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Figure 34: Triangle Using Side L6
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Figure 35: Calculating Length L7
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A ppendix C Signal Conditioning C alculations
Op-Amp Calculations
Putter Strain Gage Amplifier
LM318N Op-amp w/ W heatstone bridge (strain gage)
Strain gage resistances, R q  ^ and 120 Q undeflected 
Input voltage, V ref ; 5 V 
Output voltage range, V 0-5 V 
Differential signal range, (V g-Vf): 0-4.167 mV
To balance the bridge, resistances of R = 120 Q were chosen to match the strain gage 
resistance.
R-
L
AR
V 2-V p(5V ) 0.5 0
2 R ,
=4.167mV
2 ( 1200)
Therefore,
5 V=— (4.167mV) I
Gain=— =1200
S.O. U.S.G. LM3ISN
Choosing:
Rf = 3.9 kO
Rg = 4.7M O
yields Gain = 1205.
3.9Kfi
4.7MO
PUTTER STRAIN GAGE AMPLIFIER
Where B = 5V, D = GND, 0  = -12V, A = 12V, I = Vout
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Weight Pads Strain Gage Amplifier
LM318N Op-am p w/ W heatstone bridge (strain  gage)
S train  gag e  re s is tan ces , R and  Rgg: 4 x 120 o =  480 n  undeflected
Input voltage, V ref: 5 V
O utput vo ltage range, V 0-5 V
Differential signal range, (V 2'V^): 0-0.417 mV
To balance the bridge, resistances of R = 120 ü  were chosen to match 
the strain gage resistance.
1^ 2 , . 
• v i - . - * , )
■■■ ! r h - ( Æ
V 2 -V js(5V)
Therefore,
4-0.5 0
2(4-1200)
a 0 . 4 1 7 m V
R-
R
(0.417mV)
GairF— =10,000
< D
Choosing 
= 1 .8  kO 
R j = 22 M o 
yields Gain = 12222.2 S.G. U.S.G LM3I8N
WEIGHT PAD STRAIN GAGE AMPLIFIER
W here B = 5V, D = GND, 0  = -12V, A = 12V, J(K) = Vout
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strain Gage Amplifier Tolerance
The resistors used have a tolerance of 5% (gold band). The tolerance of the resistors used in 
the W heatstone bridge are negligable since this part of the circuit is calibrated to eliminate 
current. The R1 and R2 resistors determine the gain, and therefore their tolerances are used to 
determine the amplifier gain tolerance. The Table 5 below shows how different permutations of 
the tolerances between R1 and R2 affect the gain.
Table 5: Strain Gage Amplifier Accuracy
R e s i r n h m c m m m W C a l M i m # # a i m :
5% 5% 1205 5% 5% 12222
5% -5% 1090 5% -5% 11058
-5% 5% 1332 -5% 5% 13509
-5% -5% 1205 -5% -5% 12222
The range for the gain of the putter strain gage amplifier is: +127, -115. 
The range for the weight pad strain gage amplifier is: +1287, -1164.
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Voltage Divider for Photo-Sensors
Supplied se n so r  ou tpu t voltage, V 12 V 
Required ou tpu t voltage, V g: 3 V
To meet the input requirement of the DAS08-JR, the supplied senso r voltage, Vg, w as reduced 
to 3V (enough to keep the input bit high). When the sensor is tripped, the digital reading will 
go to zero. For a voltage divider circuit.
0 s
R esistances of R  ^ = 33 k fi and Rg = 10 kO provide a reduced input voltage of 2.79V. The 
figure below shows the voltage divider circuit.
33KO
< T > - j V W
Where L is input voltage, E is the output, and D is ground.
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Voltage Divider Tolerance
Resistors with a 5% tolerance (gold banded) were used to create the voltage divider. The differen 
permutations and their effects on the voltage divider output voltate is shown below in Table 6.
Table 6: Voltage Divider Tolerance
e'i  ^f ;  (o 1'; : Ü ! I ' Uo f :)
5% 5% 2.79
5% -5% 2.58
-5% 5% 3.01
-5% -5% 2.79
Therefore, the accuracy of the voltage divider is 3.79V +0.22V, -.21\/
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A ppendix D W eight Pad Design C alculations 
Background
In order to calculate the weight shift between feet, a  suitable apparatus must be constructed. It is 
assum ed that a max weight golfer of 3001b will be using this system. Since the golfer will step 
onto the weight pads one foot a t a  time, and the pads may be subject to impact and nonuniform 
loading, an approximate safety factor of 7 will be used. Therefore, the members in the weight pad 
must not plastically deform under 21001b of force. The corresponding figures can be seen  on the 
following pages, titled "Weight Pad Design Figures".
For the beam bending analysis, It Is assumed:
X := 1.5in The longest member will product the greatest s tresses
y := 0.5in Thickness of the member
z := tin Beam thickness (into the page)
F := 21 oabf Estimated force with safety factor
Sy := 8400Q)si the material used is a cold-rolled steel, probably 1050.
The shear force at point A is much smaller than the moment at A, therefore the moment 
will cause  the greatest force.
Dehning variables:
Y : = - y 
2
3
I : Æ
12
location of the greatest bending stress from the neutral axis, 
m ass moment of inertia for this cross section
Calculating the moment:
M :=x F M = 31501bf-in
Calculating the bending stress:
M Y
I
Ox = 75600psi
Conclusion:
Max moment present
Max bending stress present
The calculated bending stress of 76,600psi is less than the yield stress of the material to 
be used. Therefore the design is adequate.
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A ppendix E Detailed System  Setup  Instructions
The following describes how to setup the equipment properly and should be referenced 
by first time users. The different systems were intended to be as simple as possible to 
prepare for data collection; different sized connectors were used for each system and each 
cable has been labeled. Figure 36 shows a suggested system component placement for a 
right-handed golfer.
Figure 36: Sample Component Layout
Ball Detection System
1. Place the rails on the putting green. The Ball Detection System consists o f the 
emitter rail, detector rail and each of their extension cords. The emitter rail lies
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on the right side o f the putting path with the detector rail opposite. The sensor 
adjustment screws face upward and the power cords from the rails will extend out 
towards the golfer when they are correctly placed. The putting line should be 
parallel to the rails and exactly between them.
2. Plug the detection rail cords into the electrical enclosure using the extension 
cords. Find and connect the respective extension cords to the rails into the 
electrical enclosure’s matching connectors. A variety o f connectors were used so 
there would be only one possible way to connect the system; if  the connector fits, 
the right cord is selected. Figure 37 shows the extension cords provided and the 
different connections on the electrical enclosure. Be careful to lay the extension 
cords in a place where they will not be stepped on or in the way of the golfer. 
Most likely one cord will have to be trailed around the golfer to reach the 
electrical enclosure.
Figure 37: Extension Cords and Electrical Enclosure Connections
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3. M ake sure the electrical enclosure’s power switch is set to O FF and plug the 
electrical enclosure into an outlet. At this time the power cord for the electrical 
enclosure can be connected and plugged into an outlet -  make sure the power 
switch is set to OFF before plugging in.
4. T urn  the enclosure power switch to ON and check the alignm ent o f the 
detection rails. Once the electrical enclosure is turned ON, the exhaust fan will 
turn and a small breeze can be felt. The optical emitters will be turned on and a 
single red LED light should be seen on each. Each o f the optical detectors in the 
detector rail should have a single green light indicating the power is ON. The 
rails should now be adjusted so the detector rail senses the emitting rail. Making 
sure the emitting and detecting rails remain parallel to the putting path, slide one 
rail until the first and last optical detectors (Detector 0 and Detector 2) display a 
yellow light next to their green light. If  the light is flashing yellow, the detector is 
receiving an insufficient signal and the alignment o f the rails should be adjusted 
until it becomes solid yellow. I f  the middle optical detector (Detector 1) displays 
the solid yellow light, then you are ready to move to the next step. Otherwise a 
flat-head screwdriver will be needed to adjust the rails so the optical detector and 
corresponding emitter are aligned. Turning the adjusting screw will also turn the 
optical sensor. Use the screws to adjust the sensors until the middle optical 
detector also displays the solid yellow light.
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5. The setup of the Ball Detection System is complete. The power switch on the 
electrical enclosure may now be turned OFF in order to setup other components.
Putter
1. Select which putter will be used. At the completion o f this project, three putters 
have been equipped with strain gages and can be used with the system: a 44-inch 
long shaft putter, a standard heal-to-toe weighted putter with a black (painted) 
head, and a standard heal-to-toe weighted putter with a white plastic insert in the 
head. Select which putter will be used and lay it on the putting green next to the 
Ball Detection System.
2. Connect the putter to the electrical enclosure using its extension cord. To aid
in the setup, only one extension cord will fit the connector on the putter. Use this 
cord to connect the putter to the electrical enclosure.
3. Make sure the putter is calibrated once the Putting Variables Recording 
Program is running. Before recording data ftom the putter, the strain gage must 
be calibrated while the software is running. To learn how to operate the software 
for strain gage calibration, see the software tutorial in Appendix J.
Weight Pads
1. Set the weight pads where the golfer will be standing. The weight pads have 
been labeled whether they are the right or left and should be placed on the ground
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accordingly. The wires exit the pads at the inside o f each heel when they are 
correctly placed.
2. Use the weight pad extension cord to connect the weight pads to the electrical 
enclosure. The two weight pads are connected to a single extension cord that 
attaches to the electrical enclosure. The extension cord has connectors that will 
only fit with the weight pads and the correct outlet on the electrical enclosure.
3. Make sure the weight pads are calibrated once the recording program is 
running. The weight pad setup is complete and the final step o f  strain gage 
calibration must be done when the main program is running. To learn how to 
operate the software for strain gage calibration, see the software tutorial in 
Appendix J.
Electrical Enclosure
1. Place the electrical enclosure in a central location. The enclosure should 
remain within approximately ten feet o f the golfer and eight feet from the 
computer for the extension cords and ribbon cable to properly reach.
2. The power cable is already plugged into an outlet and the enclosure. 
However, do not turn the enclosure ON until all system components are 
attached. Attaching and unplugging system components while the unit is ON
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may cause electrical surges that can damage the equipment. Therefore, it is wise 
to leave the unit OFF until everything is ready.
3. Before turning the computer ON, attach the ribbon cable to the DAQ card.
While plugging the ribbon cable into the computer, make sure there are no kinked 
areas o f cable. The cable should be away from walkways and other areas where it 
may be damaged.
4. Once the computer has booted up, turn the enclosure’s power to ON.
Waiting until the computer has booted will minimize electrical interference and 
protect the circuitry.
Computer and Software
1. Once the other systems have been setup, turn the computer ON. The
detection rails, weight pads, putter and electrical enclosure should be ready for 
data collection by the time the computer is turned ON. The ribbon cable should 
already be attached to the computer.
2. At the Linux Red Hat login prompt, login as the ‘root’ user. In order to be 
able to correctly access the DAS08-JR DAQ card, the root (administrator) must 
be logged in. Unfortunately, with the ability to collect data from the DAQ card 
the root privileges also enable a user to delete and modify critical system
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information. Therefore, it is recommended that unless the system is being used to 
collect data, a different login be used.
3. Run the “Putting Variables Recording P rogram ”. After the system finishes 
logging into Red Hat, a “Putting Variables Recording Program” piston-shaped 
icon should be visible on the desktop. Run the program by simply double­
clicking the icon. I f  the icon is present, then proceed to the Software Tutorial in 
Appendix J. If  the icon was accidentally deleted, then the program must be run 
from a terminal window. O f the icons in the lower toolbar on the desktop, click 
the one that looks similar to a monitor, as shown in Figure 38.
Figure 38: Terminal Emulation Program Icon
If  the mouse rests over the icon, text stating “Terminal emulation program” will 
pop-up. Inside the new terminal window type “/root/Prqjects/putter- 
project/src/putter-project”, and press enter.
4. Shut down the com puter when done. After closing the Putting Variables 
Recording Program, click the footprint in the lower left o f the screen. Navigate to 
‘logout’ and then choose ‘shut down’ in order to turn the computer off. The 
computer will turn off automatically once all operations have stopped.
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A ppendix F Putter Calibration G raphs
Long shaft putter
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♦  SOOg 
A2Q0g
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O20g 
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Figure 39: Long shaft Putter Voltage vs. Time
Figure 39 shows the respective voltage change as different forces are applied to 
the long shaft putter. The applied loads included 10 ,20 ,50 ,100,200 ,500, and 1000- 
gram masses. The change in voltage was used to find the relationship between applied 
load and change in voltage. Figure 40 shows the linear regression that was used to 
determine the relationship between change in voltage and change in applied force.
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Figure 40: Long Shaft Putter Force vs. Voltage 
The calibration equation was determined to be: Force (grams) = 1087.7(AV) + 13.859.
Standard, Black Head Putter
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Figure 41: Standard Black Head Putter Voltage vs. Time 
Figure 41 shows the respective voltage change as different forces are applied to
the heal-to-toe weighted putter with a black head. The applied loads included 10,20,50,
100,200,500, and 1000-gram masses. The change in voltage was used to find the
relationship between applied load and change in voltage. Figure 42 shows the linear
66
regression that was used to determine the relationship between change in voltage and 
change in applied force.
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y = 1501.2X + 5.3136 
R ' = 0.9999S
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Figure 42: Standard Black Head Putter Force vs. Voltage 
The calibration equation was determined to be: Force (grams) = 1501.2 (AV) + 5.314.
Standard Putter with Insert
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Figure 43: Standard Putter with Insert, Voltage vs. Time 
Figure 43 shows the respective voltage change as different forces are applied to
the standard putter with an insert. The applied loads included 10,20, 50,100,200,500,
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and 1000-gram masses. The change in voltage was used to find the relationship between 
applied load and change in voltage. Figure 44 shows the linear regression that was used 
to determine the relationship between the change in voltage and change in applied force.
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Figure 44: Standard Putter with Insert, Force vs. Voltage
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Appendix G W eight Pad Calibration G raphs
L eft W eigh t P ad
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Figure 45: Left Weight Pad, Zero Load, Voltage vs. Time
Five sets o f data were recorded while the left weight pad remained mloaded 
(Figure 45). The data collected was then used to determine the inaccuracy o f the 
calibration equation due to noise.
Five masses o f approximately 20,40,145,165, and 185 pounds (10 ,20 ,65 ,75 , 
and 85kg) were applied to the weight pad while the respective change in voltage was 
recorded (Figure 46). The average change in voltage was plotted against the respective 
change in force and linear regression was used to determine the calibration equation, as 
shown in Figure 47.
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Figure 46: Left Weight Fad, Voltage vs. Time
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Figure 47: Left Weight Pad, Force vs. Voltage 
The calibration equation was determined to be: Force (Kg) = 146.12(AV) + 0.69.
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R ight W eight Pad
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Figure 48: Right Weight Pad, Zero Load, Voltage vs. Time
An additional five sets o f data were recorded for the right weight pad while it 
remained unloaded (Figure 48). The data collected was then used to determine the 
inaccuracy o f  the calibration equation due to noise.
The five same masses o f 20,40 ,145 ,165, and 185 pounds (10 ,20 ,65 , 75, and 
85kg) were applied to the right weight pad while the respective change in voltage was 
recorded (Figure 49). The average change in voltage was plotted against the respective 
change in force and linear regression was used to determine the calibration equation, as 
shown in Figure 50.
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Figure 49: Right Weight Fad, Voltage vs. Time
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Figure SO: Right Weight Pad, Force vs. Voltage 
The calibration equation was determined to be: Force (Kg) = 114.84(AV) + 0.12.
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A ppendix H Additional G raphical In terpretations
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Figure 51: Putter Force Interpretation 1
In Figure 51, there was little force on the putter shaft during the back swing.
B efore impact, the putter accelerated sharply and then struck the ball at the point o f  the 
shaft’s greatest deflection. A scenario for a similar swing would be when the golfer has 
an obstruction and does not have enough room for a proper swing.
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Figure 52: Putter Force Interpretation 2
Figure 52 shows data that was collected when golfer waited too long before 
swinging the putter. The data shows little strain on the putter shaft until the back swing 
starts toward the end o f the time period. Increasing the time delay before data collection 
from within the program could be a simple solution to this.
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Figure 53: Putter Force Interpretation 3
Figure 53 shows a long and slow forward swing compared to the back swing. The 
putter was accelerated right before hitting the ball and may have been scuffed on the 
ground before impact. The maximum strain on the club appears to have two peaks, 
indicating that there were two impacts. The impacts could be caused from hitting the ball 
and then hitting the ground or visa-versa. Both impacts were not likely caused by the ball 
since the first impact was larger than the second; the first impact would have hit the ball 
fast enough to be out o f range for the putter to impact it again.
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Figure 54: Weight Pad Force Interpretation 1
Figure 54 shows the distribution o f force between the golfer’s feet during a putt. 
It is important to remember that the left weight pad is identified on the graph as 
“Padl_oz”, and the right weight pad force as “Pad2_oz”. There is a small shift in weight 
at the beginning o f  the data where approximately 6-pounds was transferred from the left 
to the right foot (Time data points 0 -  80). Between points 80 and 290 a large weight 
shift, around 40-pounds, to the left foot occurred. The weight shifted once more to the 
right foot after point 290, where approximately 60-pounds was transferred. The total 
weight between the weight pads was relatively constant until point 290, where the 
decrease in the total force suggests the golfer lowering in stance (unweighting).
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Appendix I C ost of Equipm ent Used
The total cost o f the equipment delivered is shown in below:
Table 7: Data Collection System Purchased Parts
,, E q u ip m en t , i  ':. [Quantity; L Ç ç ^ E à c b s a c o * ' : ; ;
P h o to e le c tr ic  S e n so rs Banner PIT66U 3 $49.00 $147.00
E lectrical E n c lo su re McMaster-Carr 75065k38 1 $22.74 $22.74
DAQ ca rd www.measurementcomDutina.com CIO-DAS08/JR 1 $179 $179.00
S tu d e n t S tra in  g a g e
M easurem ent Group Inc. 
(919)365-3800 X-161 CEA-13-240UZ-120 22 $3 $66.00
Total = $414.74
It is important to note that the total price shown o f $414.74 does not include: cost of 
computer, labor, all circuit board and wiring materials, practice putting green, putters, 
machining time, power supply, fabrication materials, or shipping charges. Many of these 
materials were either provided by the sponsor, available through GVSU, or salvaged from 
other equipment.
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A ppendix J  Putting V ariables R ecording P rogram  - Overview
This section provides information on the Putting Variables Recording Program’s 
interface and the different options available.
Main Menu
To access the recording program, double click the “Putting Variables Recording 
Program” piston-shaped icon from the Linux desktop, as shown in Figure 55.
Putting VariaWes 
Recording Program 
399.4 K
Figure 55: Putting Variables Recording Program Icon
The Main Menu will appear and allow the user to perform a number o f  tasks. An image 
of the main menu can be seen below in Figure 56 along with a description o f the tasks in 
the following sections. Most items require simple point-and-click operation and a 
number o f tips will pop-up if  the mouse pointer is rested over different buttons. Notice 
when the Main Menu window is first opened, a number o f text fields request the 
information be refreshed. Click the “Refresh Information” button in order for the 
window to display the current settings.
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Figure 56: Putting Variables Recording Program - Main Menu
pal
Refresh Inform ation: Upon running the program, the Main Menu labels will 
prompt the user to “Refresh Information” in order to display the current settings 
stored. Simply click the “Refresh Information” button to view the current system 
settings. In Figure 56 above, the Main Menu is shown before and after the 
“Refresh Information” button is selected.
Unit System: The user has the option o f displaying the calculations in either 
Metric/Standard International units (cm/sec, Newton, etc.), or in English/Imperial 
units (in/sec, pounds, etc.). Select the Unit System button to set the units used. 
The Unit Setup window, as shown in Figure 57, will appear and prompt the user 
to select the desired unit system.
11 ^  E l
Select the Unit System to Use: 
Select One and Hit OK; [HI
Imperial (English)
 ^ Metric (Standard International)
Figure 57: Unit Setup Window
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Click on the option menu to display the options, and then on the unit system of 
choice. Click OK when the correct unit system is displayed in the option menu. 
The Main Menu will then be refreshed with the current unit choice.
P u tte r Used: Three different putters have been equipped with strain gages and 
may be used with the putting system. Due to the different geometries and 
materials used for each putter, separate calibrations are needed for each. Clicking 
on the Putter Used button opens a window, shown in Figure 58, which prompts 
the user to select which putter is currently being used with the system.
Select the PiitterBeihgiUsed:
Select Putter Being Used:
Long Shaft Putter 
. Standard Putter with Biack Head;
Figure 58: Putter Selection Window
The descriptions for the putters are fairly basic; one o f the three putters is a long 
shaft putter, another is a standard putter with a painted black head, and the last is a 
standard putter with a white plastic insert in the head. Click the option menu to 
display and choose an option, then select OK to select the putter and return to the 
Main Menu. The Main Menu will reflect the current choice in putters.
C urren t T rial #: Initially zero, the trial number is incremented every time data is 
collected. The trial number refers to the number that will be associated with the 
data collected when the Start Data Recording button is pressed. When the data is 
saved to the floppy drive or post-processed, all o f the data collected in the trial 
series (0 through the last trial number) is used. When the data is reset, all o f the
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analog and digital files are deleted and the tally is reset back to zero - ready for a 
new series o f data to be collected. Clicking the Current Trial # button brings up 
another window asking the user to either confirm or cancel the deletion o f the data 
and the resetting o f the trial number. The confirmation window is shown in 
Figure 59.
Delete Collected Data and 
Reset ttie Trial f  to Zero?
OK X  Cancel
Figure 59: Confirm Trial Delete Window
I f  OK is pressed, then the data is deleted and tally reset. I f  Cancel is pressed, then 
the operation is cancelled and the user is returned to the Main Menu.
•  Delay Before Recording (option menn): For the user to collect data easier, a 
delay between when the “Start Data Recording” button is pressed and when the 
data is actually collected can be selected. The expanded option menu is shown in 
Figure 60.
Layout Dimensions: 35.56cm (r
0 seconds P # J  2
1 second ore
2 seconds 9:
3 seconds
4 seconds
5 seconds
6 seconds
7 seconds
8 seconds 45.52 cm/(
9 seconds y -0.659 dec
10 seconds 
1------- ---------
Figure 60: Delay Before Recording Option Menu 
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The delay can be used for those who need additional time to get situated and 
ready for a putt. This option will be most beneficial for individuals who are 
recording data without the help o f another person. The system will pause for the 
displayed amount o f time (0 through 10 seconds), beep to signify the start o f data 
collection, record data for four seconds, and beep again to signify the completion 
o f data collection.
• Layout Dimensions: In order for the speed and trajectory calculations to be 
accurate, the current dimensions of the system must be entered. This step is 
necessary because the Ball Detection System was designed to fireely move and 
therefore the critical dimensions are variable. Clicking the Layout Dimensions 
button opens the Layout Setup window, shown in Figure 61, and text boxes for 
dimensions to be entered in are displayed.
^ s m Ê Ê Ê Ê Ê Ê Ê Ê tÊ m mm
. Distance BeAweeh aaiit: . 
13.00 Inches
.'h lÀ tsm ce B ^ e n B a lle n d a ^ ^  , | 
24.00 Inches
114 f  Help |24l
Retlesh | Y Apply X  Close j
Figure 61: Layout Setup Window
In order to display the current dimensions stored in the system, the Refi'esh button 
must be pressed (as prompted for within the window). If  the dimensions are not 
correct, then the correct dimensions must be entered in their respective text box 
and the Apply button must be clicked. If  there is any confusion about the 
dimensions that should be measured, a Help button is provided. Clicking on the 
Help button opens a Layout Dimensions Help window that graphically shows and
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describes which dimensions from the Ball Detection System need to be measured. 
This Help window is shown in Figure 62 below. Make sure the dimensions are 
measured in the same units that are set in the program. In other words, don’t 
measure in inches when the program is requesting a distance in centimeters. 
Clicking the Close button in the Help window will bring the user back to the 
Layout Setup window where the dimensions may be entered. After the Apply 
button is selected, the current dimensions and units are displayed within the 
window. Be careful to enter text in each text box, otherwise the system will view 
an empty field as a zero dimension. Once the correct dimensions are displayed in 
the Layout Setup window, the Close button may be used to return to the Main 
Menu. The Main Menu is then automatically updated with the current 
dimensions.
Lav’out Diinemsion Halp
The distance between the rails is itieasuied'ltom 
Ihe edge of one sensing rail, across the putting 
surface, and to the edge of the opposite sensing 
rail. See the picture for reference.
l i a i P i l x
T '
1
TTie distance between the ball and the rail start I
IS the perpendicular distance ftom the point
where the bail is hit from to the plane created ^ _________
by the front edges of the rail ghis plane should 
be perpendicular to the direction ofthe puQ.
See the picture for reference.
X  Close
Figure 62: Layout Dimensions Help Window
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• s ta r t  D ata Recording: The program pauses for the selected time and then data 
from all components o f the system is collected and written to file when this button 
is pressed. A “BEEP” from the computer signifies the start o f data collection and 
another “BEEP” signifies the end o f data collection. Also, during the time the 
data is being recorded a terminal window will appear on the screen and state that 
data is being collected. After the data has been recorded, the Main Menu is 
automatically refreshed to display the cuixent trial number and the most recently 
recorded ball speed and trajectory. Information gathered from the equipment with 
strain gages, such as the putter and weight pads, is referred to as ‘analog’ data 
since the data collection is considered continuous. Information from the Ball 
Detection System is referred to as ‘digital’ data since the collection is finite. The 
files must be post-processed in order to clean the data and perform the necessary 
calculations before saving the information to disk and viewing.
• T rial Results (display table): The most recent trial’s ball speed and trajectory 
are displayed here. If  there has not been any data recorded, the labels prompt the 
user to record a trial first. I f  the labels display “nan”, then no data from the Ball 
Detection System was collected. The display table is shown in Figure 63.
Trial Results:
Ball Speed: 45.52 cm /sec
Ball Trajectory -0.659 degrees
Figure 63: Trial Results Display Table
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Main Menu -  Data Menu Bar
Within the Main Menu o f the program, the top menu bar contains the following options: 
Data, Settings and Help. This section focuses on the options available beneath the Data 
menu bar. Functions and descriptions o f  the options in this menu bar can be seen in 
Figure 64 and the following text.
Data Settings Help
Raup jOili OafA fn Flhhnif
lÔWshï-
wAYc nil uciici lu r  lUuuy
Piitter
■ Krail);2:0Git
1 P
Recording:
h f.ifc i
;v  's ta r t
Figure 64: Main Menu - Data Menu Bar Functions
• D ata ->Post-Proeess: After using the system to record data, the information is 
stored in an analog file (a_#.txt), and a digital file (digital_#.txt). The “#” in the 
file name refers to the corresponding trial number fi-om which the data was 
recorded. Digital files require no changing, but the analog data needs to be 
manipulated. The Putting Variables Recording Program was intended to measure 
the change in force in the putter and between the weight pads. Therefore, an 
important ftmction o f the post-processor is to compare the condition o f the strain 
transducers during the putt to their initial conditions at the beginning o f the putt. 
For this reason, it is very important the golfer remain motionless at the beginning 
of the data recording. The analog files o f raw data (a_#.txt) are quite large and
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contain upwards o f 96,000 values that were recorded during the putt. Post­
processing is done in order to clean some of the noise from the data as well as 
make the files a more manageable size. Electrical interferences from radio waves 
and electrical devices create spikes and non-linear sections in the data as it is 
collected. The post-processor uses a moving average method to help smooth out 
the data and remove noise. This moving average approximation method uses 100 
values o f the raw data and replaces the values with their average in the output file. 
Thus, making the output file much smaller and at the same time removing noise. 
Prior to post-processing, the file size for a single trial is approximately 0.5MB. 
Post-processing the data reduces the file size to about 0.012MB. The post­
processor also scans the raw data to find the instant o f  putter and ball impact. The 
software then adds a vertical line in the data to signify the time and place during 
the swing when the ball was struck. The data is stored in the format of 
“analog_#.txt” and “digital_#.txt” after the data has been post-processed for ease 
of importing the information to spreadsheets. The post-processor window output 
is shown in Figure 65.
File Edit Settings Help
/ r o o t / p u t t / a n a i o g _ 0 F i l e  Written 
/noot/putt/analog_1.tx t  File Written 
/noot/putt/ana iog_2.tx t File Wr itten  
/root/putt/analog_3.tx t  File Written 
/root/pijtt/anaiog_4 .tx t F l ie  Written 
/t"'Oot,/putt/an3iog_5 .tx t F l ie  Written
Figure 65: Post-processor Output Window
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Data > Save All D ata to Floppy: This option saves all o f the information for all 
o f the trials to the floppy drive. A window will open and prompt the user to insert 
a floppy disk into the disk drive after this option has been selected. Be aware that 
each trial uses about 12K of disk space. On an empty double-density disk about 
100 trials will fit, but only about 33 trials may be saved to diskette at a time due to 
software restrictions. If  the floppy disk has previous trial information on it, a 
terminal window, as shown in Figure 66, will open and prompt how to deal with 
the previous information.
1 File Edit Settings Help
Figure 66: Floppy Diskette Prompt Window
• Data > Delete All Data: This option deletes all o f the trial information stored on 
the PC, but not the diskette, and resets the trial number back to zero. There is an 
option to abort since the data deletion is irreversible.
• Data > Exit: This option closes the program. The trial information and all 
system settings are saved and will resume once the program is opened again.
Main Menu -  Settings Menu Bar
The Settings menu bar contains a number o f functions that allow the system to be 
configured correctly for data collection. Calibrate Strain Gages is the only option 
available under this window that is not available directly from the Main Menu window.
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The functions and descriptions found in this menu bar are shown in Figure 67 and the 
following text.
: Putting va riab les  Record ing Pro g ran
D ata  S ettings! g p
PÜ-
P  P utter t)secl; t ;
IF, Layout Dimèhsiohs . . .
2.001
I 0
D elay Before 
: R t e o à i i g
. V ... ; r A'I
Start
Figure 67: Main Menu - Settings Menu Bar Functions
• Settings > Unit Sys tem. . This option opens the Unit Setup window and 
prompts the user to select a unit system (either Standard International or 
Imperial). This performs the same action as the Unit System button on the Main 
Menu.
• Settings > P u tte r Used. . This option allows the user to select the putter 
currently being used with the system. This option performs the same action as the 
Putter Used button in the Main Menu.
• Settings > Layout Dimensions. . This opens the Layout Setup dialog 
window where the user may view current dimensions as well as edit them. This 
option performs the same action as the Layout Dimensions button in the Main 
Menu.
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• Settings > C alibrate Strain Gages . . Wheatstone bridges along with 
differential operational amplifiers are used to bring the strain gage signals to 
within the DAQ card’s range (see Table 1: CIO-DAS08-JR Board Voltage 
Parameters). Thermal changes and other conditions have the ability to affect the 
strain gages so their reading is outside of the window readable by the DAQ card 
(the analog readings will read 0 or 4095). Therefore, it is very important to make 
sure the strain gages are within the acceptable range before data is recorded each 
time the system is setup. After clicking the Calibrate Strain Gages option, the 
Strain Gage Read-out window is opened.
II
1$ Then • i  
gin—  ■ : 1; Click Start to-Be 
S e lec t Display Duration: [ j  j
Start , X  C lose \
Figure 68: Strain Gage Read-out Window
This window allows the user to view the strain read-out from any o f the strain 
gages in the system for a selected period o f time. The strain gage to read the 
information from is found under the Select Component option menu and the 
duration o f display is selected through the Select Display Duration option menu. 
When the Start button is clicked, a terminal window is opened and the selected 
strain gage read-out is scrolled up the screen for the desired amount o f time, as 
shown in Figure 69.
89
Edit setting* Help
Figure 69: Strain Gage Read-out Terminal Window
F or a ll strain gages, the optim um  rage is between 1000 and  2700. If  the values 
are outside o f this, the respective potentiometer should be adjusted (see Figure 
70). I f  the values are not within this range, the circuit board from within the 
electrical enclosure will need to be accessed. A small flat head screwdriver will 
also be needed in order to adjust the resistances o f the potentiometer(s). For the 
strain gage that is not within the correct range, display the strain gage read-out for 
a long duration while turning the correct potentiometer slightly. The strain gage 
read-out will change while the potentiometer is adjusted. The potentiometer 
should not require to be turned more than a few degrees. Once all strain gage 
read-outs are within the 1000 to 2700 range, the Close button may be used to 
return to the Main Menu.
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m a i
F atter 
Potentiometer
Left Weight Pad 
Potentiometer
W eight Pad 
Potentiometer
Figure 70: Circuit Board with Potentiometers Labeled
Main Menu -  Help Menu Bar
ion. The
Bar is shown in Figure 71.
is Recording Program - Main Menu
Data
I' . >r
Help
Unjt^Systern; ^
A t
Layout Dimensions:; 43.00în (raij-raii), 2;00ih (baii-raii 
Current Triai #; I 0
D elay Before 
Recording:
Start D ata Rec
Figure 71: Main Menu - Help Menu Bar Functions
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•  Help > Documentation: The documentation provided in the software should be 
sufficient to enable a user to setup the system and collect data. If  there are any 
extensive troubleshooting questions or additional information queries, this system 
manual should be consulted. Clicking this option will open a terminal window 
and display the software documentation. The ‘X ’ in the upper right hand comer 
may be used to close the window and return to the Main Menu.
•  Help > About: The about option displays a window with author and program 
information.
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A ppendix K Data Collection P ro cess
This section will walk a user through the process o f recording information while 
putting. It is assumed the user has already read Appendix E and Appendix J, and has a 
basic knowledge o f operating the equipment.
The system should be as described at the end o f Appendix E, with the individual 
systems ready and the user logged into Red Hat as the root user. The Putting Variables 
Recording Program should be opened to the Main Menu.
1. From the Main Menu, select the Refresh Information button in order to update all 
o f the fields in the window.
2. Scan the fields to make sure the unit system, putter being used, layout dimensions 
and the current trial number are correct. If  any of the settings are not correct, take 
the time now to update the system with correct information. If  you plan on 
starting a new data collection series, the current trial number should be zero.
3. Go to the Strain Gage Read-out window and verify all o f the strain gages are 
displaying within the acceptable range (between 1000 and 2700). Open the 
electrical enclosure and adjust the correct potentiometer if  a specific range needs 
modification.
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4. Double check the putting area to make sure all wires and other objects will not be 
an obstruction while putting. If  you are the only operator, make sure the path 
from the computer to the weight pads is clear.
5. For data to be accurately recorded, it is important the golfer remain motionless 
when the system begins recording data. This means the weight on each o f the 
weight pads should be constant and the putter should be held motionless in the 
vertical position.
6. Estimate the time needed from the time the Start Data Recording button is pressed 
until the golfer is settled and ready to make a putt. Modify the Delay Before 
Putting  option menu to reflect the necessary time.
7. Click the Start Data Recording  button and prepare to putt. The computer will 
beep and open a terminal window to signal that data is being acquired. The 
computer will beep again and close the terminal window once the data collection 
is finished. The Main Menu will automatically be updated with the ball speed and 
trajectory o f the last putt for quick reference.
8. Continue to collect data in this fashion until the desired number of trials has been 
recorded. Keep in mind the maximum number o f  trials that can be saved to a 
diskette at a time is approximately 33. Under the Data menu bar option, select 
Post-Process. Another terminal window will open and display the current status
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of the post-process operation. The window will close and a confirmation window 
will open when all o f the data has been post-processed.
9. To save the collected data to a floppy disk, insert an IBM formatted floppy disk 
and select the Save A ll Data to Floppy option fi’om the Data menu bar. A window 
will open and remind the user to insert a floppy disk before continuing to copy 
files. While copying, a terminal window will open and prompt the user for an 
action if  previous trial files were found on the disk. The common response for 
this is to type an “0 ” (note the capitalization), the command for overwriting all 
the previous files. The action may also be aborted to preserve information on the 
disk.
10. Once the data files have been copied to disk, the user may use the Delete A ll 
Files option to reset the system to record another trial series or continue recording 
trials without resetting the data. It is recommended the last trial series not be 
deleted if  no more data will be collected at the time. This is suggested as a 
precaution because the data on the PC serves as a backup of the information on 
the diskette until its integrity can be verified. The trial series may be safely 
deleted when the information on the diskette is moved to another storage device.
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A ppendix L G raphing R ecorded Data
Moving the trial series from a diskette to another computer, graphing analog data 
and viewing the digital data will be covered in this section. Screen shots o f the process 
are used for better understanding. The program and operating system used for graphing 
data will be Microsoft Excel on a Windows based computer (Windows 95-2000, XP, 
etc.). It is assumed the user has successfully recorded a trial series and copied the files to 
a diskette and there is a basic knowledge of Windows before continuing in this section.
Moving Files to Another Computer
Insert the floppy disk containing the trial information into the floppy (a:\) drive of 
the computer and open M y Computer. Double-click the “3 16 Floppy (A:)” drive to view 
the contents o f the floppy drive, as shown in Figure 72. An ‘analog_#.txt’ and 
‘digital_#.txt’ should be present for every trial that was copied to the disk (where the # 
refers to the specific trial number).
I  K p i c j i i r i r )  - : ( K  I i i i i ' p v  ( A  1 P 3 R E 2
Desktop
B ÿ  My Computet
tSW hdows(C)
9  Garnet (D:)
anaba.at)(t
enalogL.1.M
analoa.2.t}d
analoa_3.l)d
analog_4.t)d
10KB TektDocumi 
11KB TextDocum 
10KB TexlOocunt 
10KB TexlDocum 
11KB TextDocumi
t
Figure 72: Floppy Drive Contents
Copy all o f the trial information from the disk to the computer so they may be accessed 
faster through Excel.
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Graphing Analog Data
1. Open Microsoft Excel and then select File  > Open from the upper menu bar. In 
the window that opens, navigate to the directory where the trial files were copied 
and change the ‘Files of Type’ list box to 'all files  (*. *) as shown in Figure 73. 
All o f the text files that were copied should now be visible.
ID ....... ï/iô '
A1
E E
mi0Qj.W
mologj'bct
analog_1.tit
anaiog^ .M
4Mto9.8.b4
dgKalj).txt
(MUJ.txt
j . t a  
d g U J .b «
i|dgW_7.W
U iFh»(* .*)
Figure 73: Opening Files in Excel
2. The ‘analog_0.txt’ will first be opened in this example, but any analog file may be 
opened at this step. Double-click the ‘analog_0.txt’ file to open it. Since this file 
is not a standard Excel file, the Text Import Wizard window opens and the user 
sets how the information is read so that it will display correctly. The first step of 
the Text Import Wizard is shown in Figure 74.
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Figure 74; Text Import Wizard Step 1
3. On the first step o f the Text Import Wizard, make sure that the ^Delimited’ option 
has the bullet and then click the N ext button.
4. The second step defines the separating characteristic between all o f the data. In 
this case, as well as with all o f the analog files, the separating characteristic is a 
space. Put a check mark in the 'Space" box and click the F in ish  button to import 
the file into Excel. The second step is shown in Figure 75.
I e x t  im p o ii  w i / a i d  ■ S to p  ?  of J
............
low)L
I}
:^r
hat_ l/28oa
•0.33
7.60
) .0 1
7.37
7ftdl_os
•80.37
94.19
78.02
-68.72
7ad2_os
24.57
44.93
:i.86
3.85
:ot&i_w#ight_o%
•55.81
■49.27
56.17
•59.87 M
Figure 75: Text Import Wizard Step 2
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5. Now that the data has been imported into Excel, either use the Chart Wizard icon 
in the menu bar or the insert > chart option to begin defining how the data will 
be graphed.
Figure 76: Chart Wizard Icon
Once the Chart Wizard has started, select the ‘XY Scatter’ chart type and the 
smoothed line for the Chart Sub-Type, as shown in Figure 77. Click N ext to 
continue.
c h a r t  W izard  - S t e p  I of  4 - C h a r t  T y p e
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0  Surface 
Bubble 
la i Stock
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M
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moothed Lines.widftotinark^.v^^v cv:
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Figure 77: Chart Wizard Step 1
6. The second step, shown in Figure 78, allows the user to create or remove 
unwanted data series fi-om the graph. Under the ‘Series’ tab, highlight and 
remove all the data series except for the ones that are o f interest. It is
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recommended that the putter and weight pad information not be graphed together 
because they do no use the same units. The small preview o f the graph will 
automatically update as the series are removed so the correct number o f data 
series are displayed once this step is complete. Click the N ex t button to continue.
c h a r t  W izard - S tep  2 of 4 - C hart Source D ata
'         wt.l
Data Range [ Series j j
Pu^V28os
0!$B$2:$B$322
•iriiiirirrinf
Figure 78: Chart Wizard Step 2
7. The user may set different chart options and may label the axis in the third step. 
Fill in the information as necessary and click N ext to continue to the final step.
8. The final graphing option, shown in Figure 79, gives the choice o f displaying the 
graph to a separate spreadsheet or within the current one. It is recommended that 
the information be displayed to a separate spreadsheet for ease o f viewing. Click
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the Finish  button when ready to complete making the graph. A  similar graph is 
shown in Figure 80.
chart Wizard - Step 4 of 4 - Chart Location
Place chart'.
<• As new sheet! ' |1 
C  AsshJect h ! . • ' • jANALOGJJ
. Cancel- |  I -Bnfeh |
Figure 79: Chart Wizard Step 4
The process above may be used for displaying the graphs o f the weight pads, total 
weight on the weight pads, or the force applied to the putter. Simply remove the 
unwanted data series from the Series text box in Step 6 to graph different sets o f  data.
M i a i s i
Jd «I
Black Haad Putter, Force vi. Time
3^-jt
Timt ^Mctoial)
kitJtJAowo Om&al
Figure 80: Putter Force Graph
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Viewing Digital Data
Digital files may be opened using any text editor or by using the importing method as 
described above to import into Excel. The information stored in the digital files is: the 
original name and location o f  the file (before it was copied onto a floppy disk), the speed 
and trajectory o f the ball and the name and number o f the corresponding analog file 
before post-processing. The name o f the analog file before post-processing is 'a_#.txt', 
after processing the file used is saved to an 'analog_#.txt' file. The information stored in 
a digital file is shown in Figure 81.
E3 M icro so ft E xcel - d ig ita l_ 0 .tx t
M3
5 Arid
A5 a i B s g i
Mm
/rqot/putt/digitalJ[).txt[  j
Speed: i5.2Ô Ë ^ 1 jin/sec !
Trajectory:! O.QOE-H3Qj degrees  j
Analog ifile: 7root/putt/a_0.txt !
T
Figure 81: Digital File Content
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A ppendix M T roubleshooting
Table 8: Troubleshooting Guide
Problem Solution
I have adjusted the detection 
rails, but I cannot get the 
detector to stop flashing 
yellow
■ The detector rails may need to be moved 
closer together.
■ The pinhole filters on the detectors may have 
been moved and need to be straightened.
After I record a trial, the Main 
Menu still displays 'nan' in 
both the ball speed and 
trajectory fields.
■ The system did not collect data fi"om the ball. 
Check to make sure the ball passes through 
the rails while data is being recorded.
■ Check to make sure the detection rails are 
aligned properly.
■ Check to make sure the electrical enclosure 
is plugged into the detection rails and the 
computer.
■ Make sure the power is set to 'ON' for the 
electrical enclosure.
I can't read the graphs o f  the 
analog data.
■ If  there appears to be too much noise to read 
the data, increasing the maximum y value 
and decreasing the minimum y value for the 
graphing window decreases the amplitude o f 
the noise, m A ing the graph more readable.
■ Make sure you are not graphing both the 
putter data and the weight pad data on the 
same graphs.
I can't find the "Putting 
Variables Recording Program" 
icon.
■ You will have to execute the program from a 
command prompt. For instructions, see 
Appendix E.
I don’t know the password to 
log into the computer.
■ If  you are using the "Putting Variables 
Recording Program", login as the root user. 
The password has been given to the sponsor 
for security reasons. For other reasons, log 
in as another user
Additional analog and digital 
files are on my floppy disk 
after I just saved my files to 
disk.
■ The program does not format all the 
information fi-om the floppy disk, it only is 
able to overwrite files. The additional files 
on the disk must be from a previous trial 
series.
■ When copying files to another computer, it is 
recommended all analog and digital files be
103
removed from the floppy disk to avoid future 
confusion.
Files failed to save to my 
floppy disk
■ Make sure the disk has sufficient space for 
the number o f trials you wish to save.
■ Most floppy disks are 1.44MB (high 
density), make sure you are not using a 
770KB disk to store more than it will hold.
■ Make sure you are using an IBM formatted 
disk, not a Macintosh formatted diskette.
■ About 33 trials may be copied to disk at a 
time due to software constraints.
One or more o f the analog data 
graphs is nothing but a flat line
■ The strain gages need to be calibrated - their 
signals are not within the recordable range 
for the DAQ card. Refer to Table 7 o f 
Section 5.3
Either the maximum or 
minimum values o f the 
graphed analog data are a flat 
line
■ The strain gages need to be calibrated - their 
signals are not within the recordable range 
for the DAQ card. Refer to Appendix J.
The unit system between the 
analog and digital files is 
different
■ The unit system was changed after recording 
data and before post-processing. The units 
for the digital information are set when the 
data is recorded. The units for the analog 
information are set during post-processing
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A ppendix N Wiring D iagram s
+12VDC
+5 VDC
-lOVDC
COM
POWER SUPPLY
10-30 VDC
GND
OUTPUT 0
OUTPUT 1
OUTPUT 2
OPTICAL
DETECTORS
DIGITAL INPUT 0
DIGITAL INPUT 1
DIGITAL INPUT 2
DIGITAL GND
ANALOG INPUT 0
ANALOG INPUT 1
ANALOG INPUT 2
ANALOG INPUT 3 - 7
DAS08-JR
10-30 VDC 
GND
OPTICAL EMITTERS
(3)
INPUT AND OUTPUT WIRING DIAGRAM
<7>
lOOuF
<7>
< I >
lOOpF
SIGNAL CONDITIONING CAPACITORS
lOOuF
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Req =120Q
22Mn
1.8KÎÎ
A /W
. _______ I I.8KH
r A W
LM318N
22MO
WEIGHT PAD STRAIN GAGE AMPLIFIER
Req =1200
S.G. U.S.G. LM3I8N
3.9KO
< L >
PUTTER STRAIN GAGE AMPLIFIER
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33KO 33Kn
— K Z )  — K Z )
lOKO
< D
33Kn
< I >
lOKO
d >
DIGITAL INPUT VOLTAGE DIVIDERS
UNUSED 1 1 UNUSED
ANALOG OUTPUT 1 ; 1 UNUSED
ANALOG OUTPUT 0 GROUND
ANALOG GND GROUND
DIGITAL OUTPUT 7 +12 VDC
DIGITAL OUTPUT 6 -12 VDC
DIGITAL OUTPUT 5 +5 VDC
DIGITAL OUTPUT 4 +5 VDC
DIGITAL OUTPUT 3 1  DIGITAL INPUT 7
DIGITAL OUTPUT 2 1  DIGITAL INPUT 6
DIGITAL OUTPUT 1 1  DIGITAL INPUT 5
DIGITAL OUTPUT 0 1  DIGITAL INPUT 4
*12 VDC ANALOG INPUT 7 DIGITAL INPUT 3
*12 VDC ANALOG INPUT 6 DIGITAL INPUT 2
*12 VDC ANALOG INPUT 5 DIGITAL INPUT 1
*12 VDC ANALOG INPUT 4 DIGITAL INPUT 0
*12 VDC ANALOG INPUT 3 ANALOG GROUND
(RIGHT WEIGHT PAD) ANALOG INPUT 2 ANALOG GROUND
(LEFTWEIGHTPAD) ANALOG INPUT 1 ANALOG GROUND
(PUTTER STRAIN GAGE) ANALOG INPUT 0 ANALOG GROUND
(DETECTOR 2) 
(DETECTOR 1) 
(DETECTOR 0)
Ribbon Cable Layout
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Putter
Amplifier
Optical
Detector
Voltage
Dividers
Right 
Weight Pad 
Amplifier
Coiuiectors 
ibr difièrent 
systems
Rmbon 
Cable 
Connection
Left
We%htPad
Amplifier
Internal
Power
Sigrply
Connection
Circuit Board Scan
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Appendix 0  C onnectors
#1
0 0 © 
0 0 ©
#2
#3
#4
0 0 0 0 J  < 0 ^
Molex Connectors Used
Beclrical Enclosure Molex Connector Pin Dlaarani *as viewed from the pin face of the connector
— EMPTY —
2 ; n BLACK GND
123
456
3 A RED +12VDC
DETECTOR RAIL #1 F 4 G GREEN/YELLOW D2FEEDBACK
5 F WHITE D1FEEDBACK
6 E YELLOW DO FEEDBACK
m m m em n YEË&OWH UNSTT@ S8ED[GAGEm6i»B%%%»3VaM?'-.:
PUTTER STR AIN .:" # 2 # BIMCKSË»
. galGe s ? : , : " ^ m m «HUM» BCMSNiH G N D aai«aB ««iB 53«S iS B ^^
STREBSEOIOAG B'g'aB/fgm geÆ ÿiiiM é.; i
1 _ ORANGE PAD 2 (RIGHT PAD) STRESSED GAGE
2 — EMPTY —
3 — YELLOW PAD 1 (LEFT PAD) STRESSED GAGE
123 4 — EMPTY —
WEIGHT PADS ta 456 F 5 D BLACK GND
789 6 — EMPTY —•
7 — GRAY PAD 1 (LEFT PAD) UNSTRESSED GAGE
6 — EMPTY —
9 — PINK PAD 2 (RIGHT PAD) UNSTRESSED GAGE
■ . 'Ë M IT T Ë R # :# m m la o m i BCACKMR G N D îH M W ssïœ rasasæ e® *?^^^^ ■9 2 » «KAm REommk «Ï2\/D (»W JB W I»JM !S W S S !^ 'A-:
POWER
1 A YELLOW +12VDC
ta 1234 M 2 B RED ♦5VDC
CONNECTOR 3 D BLACK GND
4 C BLACK ■10VDC
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A ppendix P Program m ing Code 
FloorJayout.cpp
C o p y r i g h t  (C) 2 0 0 2 - 3  b y  J o e l  O o s t d y k  « o o s t d y k j © s t u d e n t . g v s u . e d u >
T h i s  p r o g r a m  i s  f r e e  s o f t w a r e ;  y o u  c a n  r e d i s t r i b u t e  i t  a n d / o r  m o d i f y  
i t  u n d e r  t h e  t e r m s  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e  a s  p u b l i s h e d  b y  
t h e  F r e e  S o f t w a r e  F o u n d a t i o n ;  e i t h e r  v e r s i o n  2 o f  t h e  L i c e n s e ,  o r  
( a t  y o u r  o p t i o n )  a n y  l a t e r  v e r s i o n .
T h i s  p r o g r a m  i s  d i s t r i b u t e d  i n  t h e  h o p e  t h a t  i t  w i l l  b e  u s e f u l ,  
b u t  WITHOUT ANY WARRANTY; w i t h o u t  e v e n  t h e  i m p l i e d  w a r r a n t y  o f  
MERCHANTABILITY o r  FITNESS FOR A PARTICULAR PURPOSE. S e e  t h e  
GNU G e n e r a l  P u b l i c  L i c e n s e  f o r  m o re  d e t a i l s .
You s h o u l d  h a v e  r e c e i v e d  a  c o p y  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e  
a l o n g  w i t h  t h i s  p r o g r a m ;  i f  n o t ,  w r i t e  t o  t h e  F r e e  S o f t w a r e  
F o u n d a t i o n ,  I n c . ,  6 7 5  M ass  A v e ,  C a m b r id g e ,  MA 0 2 1 3 9 ,  USA.
L a s t  M o d i f i e d :  F eb  2 6 ,  2 0 0 3
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < s t r i n g . h >
# i n c l u d e  < u n i s t d . h >
# d e f i n e  UNITS_CFG " / r o o t / p u t t / u n i t s . c f g "
# d e f i n e  TALLY_CFG " / r o o t / p u t t / t a l l y . c f g "
# d e f i n e  SENSOR_CFG " / r o o t / p u t t / s e n s o r . c f g "
/ / « d e f i n e  DEBUG 1
/ / d e b u g  p u r p o s e s
i n t  m a i n O  
{
f l o a t  L I  = 0 ;
f l o a t  L9 = 0 ;
i n t  u n i t s  = 0 ;
i n t  p u t t e r _ u s e d  = 0 ;
FILE * f ;
f = f o p e n ( U N I T S _ C F G ," r " ) ;
/ / r e a d s  w h a t  c u r r e n t  u n i t s  a r e  i n  
i f  ( ! f ) {
r e t u r n  1 ;
} w h i l e ( f s c a n f ( f , "%d", i u n i t s )  != E O F); 
f c l o s e ( f ) ;
d o {
1 1 0
p r i n t f ( " \ n \ n E n t e r  w h ic h  p u t t e r  i s  b e i n g  u s e d : \ n " ) ; 
p r i n t f ("1  : Long S h a f t  ( L S ) \ n " ) ;  
p r i n t f ("2 : S t a n d a r d ,  B l a c k  H ead ( S B ) \ n " ) ; 
p r i n t f ("3 : S t a n d a r d ,  I n s e r t  H ead  ( S I ) \ n " ) ;  
s c a n f (" %d", & p u t t e r _ u s e d ) ;
}w h i l e ( ( p u t t e r _ u s e d  != 1) && ( p u t t e r _ u s e d  != 2 )  && ( p u t t e r _ u s e d  != 3 ) ) ;
f= fo p en (S E N S O R _ C F G ," w " ); 
i f ( ! f )
r e t u r n  1 ;
i f ( u n i t s  == 1 ) {
/ / I m p e r i a l  u n i t s
p r i n t f ( " \ n \ n E n t e r  t h e  d i s t a n c e  t h a t  t h e  r a i l s  a r e  a p a r t
( i n ) :  " ) ;
s c a n f ( " % f " ,& L 9 ) ;
p r i n t f ( " E n t e r  t h e  d i s t a n c e  fr o m  w h e r e  t h e  b a l l  i s  h i t  t o  
t h e  s t a r t  o f  t h e  r a i l s  ( i n ) : " ) ;
s c a n f ( ”% f " ,& L l) ;
f p r i n t f ( f , "% .3f % .3f  % d " , ( L 9 + l ) / 2 , L l + 2 . 5 , p u t t e r _ u s e d ) ;
p r i n t f (" \ n \ n ' s e n s o r . c f g ' F i l e  h a s  b e e n  u p d a t e d . . . \ n \ n \ n " ) ;
} e l s e  i f ( u n i t s  == 2 ) {
/ / S I  u n i t s
p r i n t f ( " \ n \ n E n t e r  t h e  d i s t a n c e  t h a t  t h e  r a i l s  a r e  a p a r t  (c m ):  " ) ;  
s c a n f ( " % f " ,& L 9 ) ;
p r i n t f ( " E n t e r  t h e  d i s t a n c e  f r o m  w h e r e  t h e  b a l l  i s  h i t  t o  
t h e  s t a r t  o f  t h e  r a i l s  (c m ):  " ) ;
s c a n f ( " % f " , & L D ;
f p r i n t f ( f , " % . 3 f  % . 3 f " , ( ( L 9 / 2 . 5 4 ) + l ) / 2 , ( L l / 2 . 5 4 ) + 2 . 5 ) ; 
/ / c o n v e r t  S I  t o  I t i p e r i a l  f o r  u n i f o r m i t y
p r i n t f (" \ n \ n ' s e n s o r . c f g ' F i l e  h a s  b e e n  u p d a t e d . . . \ n \ n \ n " ) ;
} e l s e { p r i n t f ( " E R R O R :  ' u n i t s . c f g '  c o u l d  n o t  b e  f o u n d  - r e t u r n i n g  t o  m a in  
m e n u \ n " ) ;}
f c l o s e ( f ) ;
}
1 1 1
Makefile
a l l :  t e s t d a q  s a m p le  r e a d e r  s t r a i n _ g  s t r a i n _ p l  s t r a i n _ p 2  u n i t s  p o s t _ p r o c
f l o o r _ l a y o u t
CC = c++
CFLAGS = - W a l l
d a s 0 8 _ i o . o :  d a s 0 8 _ i o . c p p  d a s 0 8 _ i o . h
$ (CC) $ (CFLAGS) - c  d a s 0 8 _ i o . c p p
t e s t d a q :  t e s t d a q . c p p  d a s 0 8 _ i o . o
$ (CC) $ (CFLAGS) t e s t d a q . c p p  - o  t e s t d a q  d a s 0 8 _ i o . o
s a m p le :  s a m p l e . c p p  d a s 0 8 _ i o . o
$ (CC) $ (CFLAGS) s a m p l e . c p p  - o  s a m p le
r e a d e r :  r e a d e r . c p p  d a s 0 8 _ i o . o
$ (CC) $ (CFLAGS) r e a d e r . c p p  - o  r e a d e r  d a s 0 8 _ i o . o  - Im
s t r a i n _ g :  s t r a i n _ g . c p p  d a s 0 8 _ i o . o
$ (CC) $ (CFLAGS) s t r a i n _ g . c p p  - o  s t r a i n _ g  d a s 0 8 _ i o . o
s t r a i n _ p l :  s t r a i n _ p l . c p p  d a s 0 8 _ i o . o
$ (CC) $ (CFLAGS) s t r a i n _ p l . c p p  - o  s t r a i n _ p l  d a s 0 8 _ i o . o
s t r a i n _ p 2 :  s t r a i n j p 2 . c p p  d a s 0 8 _ i o . o
$ (CC) $ (CFLAGS) s t r a i n j p 2 . c p p  - o  s t r a i n _ p 2  d a s 0 8 _ i o . o
u n i t s :  u n i t s . c p p  d a s 0 8 _ i o . o
$ (CC) $ (CFLAGS) u n i t s . c p p  - o  u n i t s
f l o o r _ l a y o u t : f l o o r _ l a y o u t . c p p  d a s 0 8 _ i o . o
$ (CC) $ (CFLAGS) f l o o r _ l a y o u t . c p p  - o  f l o o r _ l a y o u t
p o s t _ p r o c :  p o s t _ p r o c . c p p  d a s 0 8 _ i o . o
$ (CC) $ (CFLAGS) p o s t _ p r o c . c p p  - o  p o s t _ p r o c
c l e a n :
rra - f  * . o  t e s t d a q  s a m p le  w r i t e r  r e a d e r  s t r a i n _ g  s t r a i n _ p l  
s t r a i n _ p 2  u n i t s  f l o o r _ l a y o u t  p o s t _ p r o c  d a t a * . t x t  a n a l o g * . t x t
1 1 2
Post_proc.cpp
C o p y r i g h t  (C) 2 0 0 2 - 3  b y  J o e l  O o s t d y k  < o o s t d y k j © s t u d e n t . g v s u . e d u >
T h i s  p r o g r a m  i s  f r e e  s o f t w a r e ;  y o u  c a n  r e d i s t r i b u t e  i t  a n d / o r  m o d i f y  
i t  u n d e r  t h e  t e r m s  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e  a s  p u b l i s h e d  b y  
t h e  F r e e  S o f t w a r e  F o u n d a t io n ,-  e i t h e r  v e r s i o n  2 o f  t h e  L i c e n s e ,  o r  
( a t  y o u r  o p t i o n )  a n y  l a t e r  v e r s i o n .
T h i s  p r o g r a m  i s  d i s t r i b u t e d  i n  t h e  h o p e  t h a t  i t  w i l l  b e  u s e f u l ,  
b u t  WITHOUT ANY WARRANTY; w i t h o u t  e v e n  t h e  i m p l i e d  w a r r a n t y  o f  
MERCHANTABILITY o r  FITNESS FOR A PARTICULAR PURPOSE. S e e  t h e  
GNU G e n e r a l  P u b l i c  L i c e n s e  f o r  m ore  d e t a i l s .
You s h o u l d  h a v e  r e c e i v e d  a  c o p y  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e  
a l o n g  w i t h  t h i s  program,- i f  n o t ,  w r i t e  t o  t h e  F r e e  S o f t w a r e  
F o u n d a t i o n ,  I n c . ,  6 7 5  M ass A v e ,  C a m b r id g e ,  MA 0 2 1 3 9 ,  USA.
L a s t  M o d i f i e d :  F eb  2 6 ,  2 0 0 3
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < s t r i n g . h >
# i n c l u d e  < u n i s t d . h >
# i n c l u d e  < m a th .h >
# i n c l u d e  < s i g n a l . h >
/ / # d e f i n e  DEBUG 1 
/ / # d e f i n e  DEBUG2 1
/ / d e b u g g i n g  p u r p o s e s  
# d e f i n e  MAX_FILE_SIZE 3 5 0 0 0
/ / n u m b e r  o f  r o w s  i n  t h e  l a r g e s t  f i l e  a l l o w e d  i n  E x c e l  
# d e f i n e  MOVING_AVG 100
/ / n u m b e r  o f  e l e m e n t s  i n  t h e  a v e r a g i n g  e q u a t i o n s
# d e f i n e  UNITS_CFG " / r o o t / p u t t / u n i t s . c f g "
# d e f i n e  TALLY_CFG " / r o o t / p u t t / t a l l y . c f g "
# d e f i n e  SENSOR_CFG "/ r o o t / p u t t / s e n s o r . c f g "
# d e f i n e  DATA_DIR " / r o o t / p u t t / "
i n t  m a in O  
{
c h a r  a n a l o g o p e n f i l e [50 ]  ;
c h a r  a n a l o g f i l e  [50 ]  ;
i n t  a v e r a g e s  = MAX_FILE_SIZE/MOVING_AVG;
/ / a r r a y  w i t h  maximum ro w s p o s s i b l y  r e q u i r e d  
i n t  u n i t s , -
i n t  i m p a c t  [4] ,-
i n t  j u n k l , j u n k 2 ;
/ / m o v in g  a v e r a g e  t o  d e t e r m i n e  b a l l  i m p a c t  
i n t  m axrow s = 0 ;
i n t  row  = 0 ;
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i n t  i m p a c t  row  = 0 ;
i n t  i m p a c t v a l u e  = 0 ;
i n t  m a x _ a v e r a g e s  = 0 ;
i n t  m a x fo u n d  = 0;
/ / m a x  r o w s  a c t u a l l y  u s e d  b y  f i l e ,  
i n t  t o _ a v e r a g e  = MOVING_AVG;
/ / c o l u m n s
f l o a t  m a x v a l u e ,  m i n v a l u e ;
i n t  m a x v a lu e r o w ,  m i n v a l u e r o w ;
i n t  i  = 0 ;
i n t  j  = 0
i n t  k  = 0;
i n t  p u t t e r _ u s e d ;
f l o a t  L 1 ,L 9 ;
f l o a t  p u t t e r [ a v e r a g e s ] [ t o _ a v e r a g e ] ;
/ / a r r a y s
f l o a t  p a d _ l [ a v e r a g e s ] [ t o _ a v e r a g e ] ;
f l o a t  p a d _ 2 [ a v e r a g e s ] [ t o _ a v e r a g e ] ;
f l o a t
p u t t e r _ a v g [ a v e r a g e s ] , p a d _ l _ a v g [ a v e r a g e s ] , p a d _ 2 _ a v g [ a v e r a g e s ] ;
f l o a t  p u t t e r _ c f g _ s u m  = 0 ;
f l o a t  p a d _ l _ c f g _ s u m  = 0 ;
f l o a t  p a d _ 2 _ c f g _ s u m  = 0 ;
f l o a t  p u t t e r _ s u m  = 0 ;
f l o a t  p a d _ l _ s u m  = 0 ;
f l o a t  p a d _ 2 _ su m  = 0;
f l o a t  p u t t e r _ c f g ;
f l o a t  p a d _ l _ c f g ;
f l o a t  p a d _ 2 _ c f g ;
f l o a t  p u t t e r _ c a l c  = 0 ;
f l o a t  p a d _ c a l c l  = 0 ;
f l o a t  p a d _ c a l c 2  = 0;
f l o a t  t o t a l _ w e i g h t  = 0 ;
i n t  t a l l y ;
FILE * f ;
f = fo p e n (S E N S O R _ C F G ," r " ) ;
/ / r e a d s  t h e  c u r r e n t  p u t t e r  i n f o r m a t i o n  
i f ( ! f ) {
r e t u r n  1 ;
} w h i l e ( f s c a n f ( f , "%f %f %d",&L9, &L1, & p u t t e r _ u s e d )  != E O F); 
f c l o s e ( f ) ;
L9 = ( L 9 + D / 2 ;
/ / c o n v e r t  t o  l e n g t h s  a c t u a l l y  u s e d  i n  c a l c s .
L I = L l + 2 . 5 ;
f = f o p e n ( U N I T S _ C F G ," r " ) ;
/ / r e a d s  t h e  c u r r e n t  u n i t  s y s t e m  
i f ( ! f )  {
r e t u r n  1 ;
} w h i l e ( f s c a n f ( f , " % d " , & u n i t s )  != E O F); 
f c l o s e ( f ) ;
f= fo p en (T A L L Y _ C F G ," r " ) ;
/ / o p e n s  a n d  r e a d s  c u r r e n t  t a l l y  num ber f r o m  f i l e  
i f ( ! f ) {
p r i n t f { " t a l l y . c f g  f i l e  m i s s i n g \ n \ n " ) ;  
r e t u r n  1;
} w h i l e  ( f s c a n f ( f , " % d " , & t a l l y )  != E O F); 
f c l o s e ( f ) ;
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/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / / / / / / /
/ / r e a d  a l l  o f  t h e  f i l e s  i n  t h e  d a t a  s e r i e s  i n t o  t h e  a r r a y s ,  c a l c u l a t e  t h e  f o c e s  
a n d  w e i g h t  s h i f t , / / / / /
/ / w r i t e  o u t  t o  t h e  r e s p e c t i v e  f i l e s
/ / / / /  
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / / / / / / /
w h i l e ( i  <= t a l l y ) {
t o _ a v e r a g e  = 0;
/ /  r e s e t  v a l u e s  f o r  e a c h  f i l e  
a v e r a g e s  = 0 ;  
j  = 0;  
k = 0;
p a d _ l _ c f g _ s u m  = 0;  
p a d _ 2 _ c f g _ s u m  = 0;  
p u t t e r _ c f g _ s u m  = 0 ;  
m a x v a l u e  = 0 ;  
m i n v a l u e  = 4 0 9 5 ;  
m axrow s = 0 ;
s p r i n t f ( a n a l o g o p e n f i l e , " % s a _ % d . t x t " , D A T A _ D I R , i ) ;
/ / t h e  c u r r e n t  f i l e  t o  p o s t  p r o c e s s
s p r i n t f ( a n a l o g f i l e , " % s a n a l o g _ % d . t x t " , D A T A _ D I R , i ) ;
/ / u p d a t e d  o u t p u t  f i l e  name
f = f o p e n ( a n a l o g o p e n f i l e , " r " ) ;
/ / r e a d s  a n a l o g  f i l e  f o r  d a t a  
i f ( ! f ) {
r e t u r n  1;
} w h i l e ( f s c a n f ( f ,  "%f %f 
% f " , s p u t t e r [ a v e r a g e s ] [ t o _ a v e r a g e ] , & p a d _ l [ a v e r a g e s ] [ t o _ a v e r a g e ] , & p a d _ 2 [ a v e r a g e s ]  
[ t o _ a v e r a g e ] ) != E O F){
t o _ a v e r a g e  = t o _ a v e r a g e  + 1 ;
/ / i n c r e m e n t  c o l l u m n  
m axrow s = m axrow s + 1 ;
i f ( t o _ a v e r a g e  == MOVING_AVG){ 
i f ( a v e r a g e s  == 1 0 ) {
/ / X * m o v i n g _ a v g = t o t a l  v a l u e s  t o  a v e r a g e  f o r  c a l i b r a t i o n
w h i l e ( j  <= a v e r a g e s ) { 
k = 0 ;
w h i l e ( k  < MOVING_AVG){
/ / g e t  t h e  sum o f  t h e  f i r s t  v a l u e s
p u t t e r _ c f g _ s u m  = p u t t e r _ c f g _ s u m  +
p u t t e r  [ j ]  [k] ;
p a d _ l _ c f g _ s u m  = p a d _ l _ c f g _ s u m  +
p a d _ l  [ j ]  [k] ;
p a d  2 c f g  sum = p a d  2 c f g  sum +
p a d _ 2 [ j ] [ k ] ;
k  = k + 1 ;
}
j = j  + 1 ;
}
p u t t e r _ c f g  = p u t t e r _ c f g _ s u m  /  ( ( j ) * ( k ) ) ;
/ / f i n d  t h e  a v e r a g e  o f  t h e  f i r s t  v a l u e s
p a d _ l _ c f g  = p a d _ l _ c f g _ s u m  /  ( ( j ) * ( k ) ) ;  
p a d _ 2 _ c f g  = p a d _ 2 _ c f g _ s u m  /  ( ( j ) * ( k ) ) ;
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t o _ a v e r a g e  = 0 ;  
a v e r a g e s  = a v e r a g e s  + 1 ;  
/ / i n c r e m e n t  row  
m a x _ a v e r a g e s  = a v e r a g e s  ; 
/ / r e c o r d  l a s t  h i g h e s t  row
}
} f c l o s e ( f ) ;
i m p a c t r o w  = im p a c t r o w  /  1 0 0 ;  
a v e r a g e s  = 0 ;  
t o _ a v e r a g e  = 0 ;
w h i l e ( a v e r a g e s  <= m a x _ a v e r a g e s ) { / / e a c h
r ow  o f  t h e  a r r a y s  a r e  a v e r a g e d
p u t t e r _ s u m  = p u t t e r _ s u m  + p u t t e r [ a v e r a g e s ] [ t o _ a v e r a g e ] ; 
p a d _ l _ s u m  = p a d _ l _ s u m  + p a d _ l [ a v e r a g e s ] [ t o _ a v e r a g e ] ; 
p a d _ 2 _ su m  = p a d _ 2 _ su m  + p a d _ 2 [ a v e r a g e s ] [ t o _ a v e r a g e ] ;
t o _ a v e r a g e  = t o _ a v e r a g e  + 1 ;
/ / i n c r e m e n t  c o l l u m n
i f ( t o _ a v e r a g e  == MOVING_AVG){
p u t t e r _ a v g [ a v e r a g e s ]  = putter_sum/M OVING_AVG;
/ / f i n d  a v e r a g e  a n d  r e c o r d  t o  a r r a y
p a d _ l _ a v g [ a v e r a g e s ]  = pad_l_sum/MOVING_AVG;  
p a d _ 2 _ a v g [ a v e r a g e s ]  = pad_2_sum/M0VING_AVG;
p u t t e r _ s u m  = 0 ;
/ / r e s e t  sums
p a d _ l _ s u m  = 0 ;  
p a d _ 2 _ su m  = 0 ;
t o _ a v e r a g e  = 0 ;  
a v e r a g e s  = a v e r a g e s  + 1 ;
/ / i n c r e m e n t  row
}
}
a v e r a g e s  = 0 ;  
t o _ a v e r a g e  = 0 ;  
m a x fo u n d  = 0 ;
/ / f i n d  t h e  minimum a n d  max p u t t e r  s t r a i n  r o w s
w h i l e ( a v e r a g e s  <= ( m a x _ a v e r a g e s  -  1 ) ) {
i f ( p u t t e r _ a v g [ a v e r a g e s ]  > m a x v a l u e ) {
m a x v a l u e  = p u t t e r _ a v g [ a v e r a g e s ] ; 
m a x v a lu e r o w  = a v e r a g e s ;  
m a x fo u n d  = 1 ;
}
a v e r a g e s  = a v e r a g e s  + 1 ;
}
a v e r a g e s  = m a x v a lu e r o w ;
w h i l e ( a v e r a g e s  <= ( m a x _ a v e r a g e s  -  1 ) ) {  
i f ( m a x f o u n d  1= 0 ) {
/ /m in im u m  i s  a f t e r  t h e  max
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i f ( p u t t e r _ a v g [ a v e r a g e s ]  < m i n v a l u e ) { 
m i n v a l u e  = p u t t e r _ a v g [ a v e r a g e s ]  
m i n v a l u e r o w  = a v e r a g e s ;
}
}
a v e r a g e s  = a v e r a g e s  + 1 ;
a v e r a g e s  = 0 ;  
t o _ a v e r a g e  = 0 ;
i m p a c t v a l u e  = 0 ;  
i m p a c t r o w  = 0 ;  
row  = 0 ;
i m p a c t [0] = 0 
i m p a c t [1] = 0 
i m p a c t [2] = 0 
i m p a c t [3] = 0
f = f o p e n ( a n a l o g o p e n f i l e , " r " ) ;
/ / r e a d s  a n a l o g  f i l e  t o  f i n d  b a l l  i m p a c t  
i f ( ! f ) {
r e t u r n  1 ;
} w h i l e ( f s c a n f ( f , "%d %d % d " ,& i m p a c t [ 0 ] ,& j u n k l ,& j u n k 2 )  != E O F){ 
i f ( ( r o w  > ( ( m a x v a lu e r o w  * 1 0 0 )  - 1 0 ) )  && (r o w  <
( m a x v a lu e r o w  + 1 0 0 )  * 1 0 0 ) ) {
i f ( i m p a c t r o w  == 0 ) {  / / b a l l
i m p a c t
1 0 ) {
>= 1 0 0 )  { 
r o w / 1 0 0 ;
i f ( ( i m p a c t [2] -  i m p a c t [ 3 ] )  >= 5 ) {
i f ( ( i m p a c t [1] -  i m p a c t [ 2 ] )  >= 5 ) {
i f ( ( i m p a c t  [0 ]  -  i m p a c t  [ 1 ] )  >=
/ / a m p l i t u d e  c u t - o f f  f o r  s t r o k e
i f  ( ( i m p a c t  [0]  -  i m p a c t  [3] ) 
i m p a c t r o w  =
}
}
}
i m p a c t [3] = i m p a c t [2]  
i m p a c t [2] = i m p a c t [1]  
i m p a c t [1] = i m p a c t [0]  
row = row  + 1 ;  
} f c l o s e ( f ) ;
# i f d e f  DEBUG
p r i n t f ( " j  = %d, k  = % d \ n " , j , k ) ;  
p r i n t f ( " ( ( j ) * ( k ) ) = % d\n", ( ( j ) * ( k ) ) ) ;
p r i n t f ( " p u t t e r _ c f g _ s u m  = % . O f \ n " , p u t t e r _ c f g _ s u m ) ; 
p r i n t f ( " p a d _ l _ c f g _ s u m  = % . O f \ n " , p a d _ l _ c f g _ s u m ) ; 
p r i n t f ( " p a d _ 2 _ c f g _ s u m  = % . 0 f \ n " , p a d _ 2 _ c f g _ s u m ) ;
p r i n t f ( " p u t t e r _ c f g  = % . 2 f \ n " , p u t t e r _ c f g ) ; 
p r i n t f ( " p a d _ l _ c f g  = % . 2 f \ n " , p a d _ l _ c f g ) ; 
p r i n t f ( " p a d _ 2 _ c f g  = %.2 f \ n " , p a d _ 2 _ c f g ) ; 
p r i n t f ( " i m p a c t  row = % d\n", i m p a c t r o w ) ;
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p r i n t f ( " i m p a c t  v a l u e  = % d\n", i m p a c t v a l u e ) ; 
p r i n t f ("max v a l u e  row: %d\nmin v a l u e  row:
% d \ n \n \n " , m a x v a l u e r o w , m i n v a l u e r o w ) ;
# e n d i f
f = f o p e n ( a n a l o g f i l e , " w " ) ;
/ / o p e n  r e s p e c t i v e  o u t p u t  f i l e  a n d  w r i t e  
i f ( ! f ) {
r e t u r n  1 ;
} i f ( u n i t s  == 1 ) {
f p r i n t f ( f , "Row P u t _ l / 2 8 o z  P a d l _ o z  P a d 2 _ o z  
t o t a l _ w e i g h t _ o z \ n " ) ; / / h e a d e r  f o r  f i l e
} e l s e  i f ( u n i t s  == 2 ) {
f p r i n t f ( f , "Row P u t _ l / 1 0 0 N  P a d l_ N  Pad2_N t o t a l _ w e i g h t _ N \ n " ) ;
w h i l e ( a v e r a g e s  <= ( m a x _ a v e r a g e s  -  1 ) ) {
/ / p r e f o r m  c a l c u l a t i o n s  fo r m  t h e  i n f o m a t i o n
/ / i n  t h e  a v e r a g e  a r r a y s  -  1 ( l o s e  n o i s e )
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / I N S E R T  CALCULATIONS BELOW 
H E R E / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / I m p e r i a l  c a l c u l a t i o n s  
i f ( u n i t s  == 1 ) (
/ / c a l c u l a t i o n s  a l l  i n  l / 2 8 o z  f o r c e  
i f ( p u t t e r _ u s e d  == 1 ) {
/ / c a l c u l a t i o n s  f o r  l o n g  s h a f t  p u t t e r
p u t t e r _ c a l c  = ( 1 . 3 2 8 2 * ( p u t t e r _ a v g [ a v e r a g e s ]
p u t t e r _ c f g ) + 1 3 . 8 5 8 ) * 9 8 5 . 6 / 1 0 0 0  ;
} e l s e  i f ( p u t t e r _ u s e d  == 2 ) {
/ / c a l c u l a t i o n s  f o r  s t a n d a r d ,  b l a c k  h e a d  p u t t e r
p u t t e r _ c a l c  = ( 1 . 8 3 3 3 * ( p u t t e r _ a v g [ a v e r a g e s ]
p u t t e r _ c f g ) + 5 . 3 1 3 6 ) * 9 8 5 . 6 / 1 0 0 0 ;
} e l s e  i f ( p u t t e r _ u s e d  == 3 ) (
/ / c a l c u l a t i o n s  f o r  s t a n d a r d ,  i n s e r t  h e a d  p u t t e r
p u t t e r _ c a l c  = ( 1 . 7 2 7 7 * ( p u t t e r _ a v g [ a v e r a g e s ]
p u t t e r _ c f g ) + 1 . 7 0 4 2 ) * 9 8 5 . 6 / 1 0 0 0 ;
}
/ / l e f t  w e i g h t  p a d
p a d _ c a l c l  = ( 0 . 1 8 0 2 * ( p a d _ l _ a v g [ a v e r a g e s ]  -
p a d _ l _ c f g ) / * + 4 . 0 0 7 * / ) * 3 5 . 2 ;
/ / r i g h t  w e i g h t  p a d
p a d _ c a l c 2  = ( 0 . 1 4 0 5 * ( p a d _ 2 _ a v g [ a v e r a g e s ]  - 
p a d _ 2 _ c f g ) / * - 2 . 8 5 3 1 * / ) * 3 5 . 2 ;
/ / m e t r i c  c a l c u l a t i o n s  
} e l s e  i f ( u n i t s  == 2 ) {
/ / c a l c u l a t i o n s  a l l  i n  1/lOON  
i f ( p u t t e r _ u s e d  == 1 ) {
/ / c a l c u l a t i o n s  f o r  l o n g  s h a f t  p u t t e r
p u t t e r _ c a l c  = ( 1 . 3 2 8 2 * ( p u t t e r _ a v g [ a v e r a g e s ]
p u t t e r _ c f g ) + 1 3 . 8 5 8 ) * 1 . 0 2 0 4 ;
} e l s e  i f ( p u t t e r _ u s e d  == 2 ) (
/ / c a l c u l a t i o n s  f o r  s t a n d a r d ,  b l a c k  h e a d  p u t t e r
p u t t e r _ c a l c  = ( 1 . 8 3 3 3 * ( p u t t e r _ a v g [ a v e r a g e s ]
p u t t e r _ c f g ) + 5 . 3 1 3 6 ) * 1 . 0 2 0 4 ;
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} e l s e  i f ( p u t t e r _ u s e d  == 3 ) {
/ / c a l c u l a t i o n s  f o r  s t a n d a r d ,  i n s e r t  h e a d  p u t t e r
p u t t e r _ c a l c  = ( 1 . 7 2 7 7 * ( p u t t e r _ a v g [ a v e r a g e s ]
p u t t e r _ c f g ) + 1 . 7 0 4 2 ) * 1 . 0 2 0 4  ;
}
/ / w e i g h t  p a d  u n i t s  a r e  i n  N e w t o n s  
/ / l e f t  w e i g h t  p a d
p a d _ c a l c l  = ( 0 . 1 8 0 2 * ( p a d _ l _ a v g [ a v e r a g e s ]  -
p a d _ l _ c f g ) / * + 4 . 0 0 7 * / ) * 9 . 8 ;
/ / r i g h t  w e i g h t  p a d
p a d _ c a l c 2  = ( 0 . 1 4 0 5 * ( p a d _ 2 _ a v g [ a v e r a g e s ]  -  
p a d _ 2 _ c f g ) / * - 2 . 8 5 3 1 * / ) * 9 . 8 ;
}
# i f d e f  DEBUG2
# e n d i f
p u t t e r _ c a l c  = ( p u t t e r _ a v g [ a v e r a g e s ]  -  p u t t e r _ c f g ) ; 
p a d _ c a l c l  = ( p a d _ l _ a v g [ a v e r a g e s ]  -  p a d _ l _ c f g ) ; 
p a d _ c a l c 2  = ( p a d _ 2 _ a v g [ a v e r a g e s ]  -  p a d _ 2 _ c f g ) ;
t o t a l _ w e i g h t  = p a d _ c a l c l  + p a d _ c a l c 2 ;
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / I N S E R T  CALCULATIONS ABOVE HERE 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
f p r i n t f ( f , " % d  % .2f  % .2f  % .2 f  
%.2 f \ n " , a v e r a g e s , p u t t e r _ c a l c , p a d _ c a l c l , p a d _ c a l c 2 , t o t a l _ w e i g h t ) ;
i f ( a v e r a g e s  == i m p a c t r o w ) {
/ / v e r t i c a l  l i n e  a t  i m p a c t
f p r i n t f ( f , " % d  % .2f  % .2f  % .2f  
%.2 f \ n " , i m p a c t r o w , p u t t e r _ c a l c + 1 5 0 , p a d _ c a l c l + 1 5 0 , p a d _ c a l c 2 + 1 5 0 , t o t a l _ w e i g h t + 5 0 ) ;
f p r i n t f ( f , " % d  % .2f  % .2f  % .2f  
%. 2 f \ n " , i m p a c t r o w , p u t t e r _ c a l c - 1 5 0 , p a d _ c a l c l - 1 5 0 , p a d _ c a l c 2 - 1 5 0 , t o t a l _ w e i g h t - 5 0 ) ;
f p r i n t f ( f , " % d  % .2 f  % .2 f  % .2 f  
%.2 f \ n " , i m p a c t r o w , p u t t e r _ c a l c , p a d _ c a l c l , p a d _ c a l c 2 , t o t a l _ w e i g h t ) ;
a v e r a g e s  = a v e r a g e s  + 1 ;
} f c l o s e ( f ) ;
p r i n t f ( " % s  F i l e  W r i t t e n \ n " , a n a l o g f i l e ) ; 
i  = i  + 1 ;
p r i n t f ( " C a l c u l a t i o n s  C o m p l e t e d \ n " ) ;  
p r i n t f ( " R e t u r n i n g  To M ain M e n u \n " ) ;  
s l e e p ( 1 ) ;
r e t u r n  0 ;  
}
119
Reader.cpp
/ /
/ /  C o p y r i g h t  (C) 2 0 0 2 - 3  b y  J o e l  O o s t d y k  < o o s t d y k j ® s t u d e n t . g v s u . e d u >
/ /
/ /  T h i s  p r o g r a m  i s  f r e e  s o f t w a r e ;  y o u  c a n  r e d i s t r i b u t e  i t  a n d / o r  m o d i f y  
/ /  i t  u n d e r  t h e  t e r m s  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e  a s  p u b l i s h e d  b y
/ /  t h e  F r e e  S o f t w a r e  F o u n d a t i o n ;  e i t h e r  v e r s i o n  2 o f  t h e  L i c e n s e ,  o r
/ /  ( a t  y o u r  o p t i o n )  a n y  l a t e r  v e r s i o n .
/ /
/ /  T h i s  p r o g r a m  i s  d i s t r i b u t e d  i n  t h e  h o p e  t h a t  i t  w i l l  b e  u s e f u l ,
/ /  b u t  WITHOUT ANY WARRANTY; w i t h o u t  e v e n  t h e  i m p l i e d  w a r r a n t y  o f
/ /  MERCHANTABILITY o r  FITNESS FOR A PARTICULAR PURPOSE. S e e  t h e
/ /  GNU G e n e r a l  P u b l i c  L i c e n s e  f o r  m ore  d e t a i l s .
/ /
/ /  You s h o u l d  h a v e  r e c e i v e d  a  c o p y  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e
/ /  a l o n g  w i t h  t h i s  p r o g r a m ;  i f  n o t ,  w r i t e  t o  t h e  F r e e  S o f t w a r e
/ /  F o u n d a t i o n ,  I n c . ,  6 7 5  M ass A v e ,  C a m b r id g e ,  MA 0 2 1 3 9 ,  USA.
/ /  
/ /
/ /  L a s t  M o d i f i e d :  F eb  2 6 ,  2 003  
/ /
/ /  
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < s t r i n g . h >
# i n c l u d e  < u n i s t d . h >
# i n c l u d e  < t i m e . h >
# i n c l u d e  < m a th .h >
# i n c l u d e  < s i g n a l . h >
# i n c l u d e  < s y s / t i m e . h >
i d e f i n e  UNITS_CFG " / r o o t / p u t t / u n i t s . c f g "
i d e f i n e  TALLY_CFG " / r o o t / p u t t / t a l l y . c f g "
t t d e f i n e  SENSOR_CFG " / r o o t / p u t t / s e n s o r . c f g "
# d e f i n e  DATA_DIR " / r o o t / p u t t / "
^ i n c l u d e  " d a s 0 8 _ i o . h "
/ / # d e f i n e  DEBUG 1;
/ / f o r  d e b u g g i n g  p u r p o s e s
s t r u c t  s i g a c t i o n  a c t ,  o l d a c t ; 
s t r u c t  i t i m e r v a l  v a l u e ,  o v a l u e ;
dasOS *A;
c h a r a n a l o g f i l e [ 5 0 ] ;
c h a r d i g i t a l f i l e [50]
c h a r r e c e n t _ d a t a [50]
FILE
i n t p u t t e r _ u s e d ;
i n t u n i t s ;
i n t t a l l y ;
i n t t i m e l i m i t  = 4 ;
/ / s e c o n d s  p r o g r a m  i s  t
i n t v a l u e _ d i g i t a l ;
i n t max =
1 2 0
i n t i  = 0 ;
i n t t r ip _ d O  = 0 ;
i n t t r i p _ d l  = 0 ;
i n t t r i p _ d 2  = 0 ;
i n t r i g h t  = 0 ;
i n t c o u n t  = 0 ;
i n t d o , d l , d 2 , d 3 , aO, a l , a 2 , a3 / /
d i g i t a l  a n d  a n a l o g  v a r i a b l e s
f l o a t  L I ;
/ /U S E R  DEFINED d i s t a n c e  b e t w e e n  p u t t  a n d  dO 
f l o a t  L9;
//DISTANCE BETWEEN RAILS (CALIBRATED LATER IN CODE) 
d o u b l e  LIO = 2 . 2 5 ;  
d o u b l e  L2 = 1 7 . 6 8 7 5 / 2 ;
/ / m e a s u r e d  d i s t a n c e  b e t w e e n  CP a n d  DO i n  INCHES
d o u b l e  Y , Z , B , T , L 4 , L 5 , L 7 , F , a n g l e , s p e e d , t r a j ; / / o t h e r
v a r i a b l e s  f o r  c a l c u l a t i o n s
d o u b l e  e l a p s e d , e l a p s e d _ d O , e l a p s e d _ d l , e l a p s e d _ d 2 ;
c l o c k _ t  s t a r t , r u n , s t o p , t i m e _ d O , t i m e _ d l , t i m e _ d 2 ;
i n t  m a i n () 
{
A = new dasOS 0  ;
A - > c o n f i g u r e ( " d a s 0 8 . c o n f " ) ;  
A - > c o n n e c t ( ) ;
p r i n t f ( " c o l l e c t i n g  d a t a  . . . \ n " ) ;
f = f o p e n ( U N I T S _ C F G ," r " ) ;
/ / r e a d s  w h a t  c u r r e n t  u n i t s  a r e  i n  
i f ( ! f ) {
p r in t f (" E R R O R :  u n i t s . c f g  f i l e  m i s s i n g " ) ; 
r e t u r n  1 ;
} w h i l e ( f s c a n f ( f , "% d " ,& u n its )  != E O F); 
f c l o s e ( f ) ;
f = f  o p e n (TALLY_CFG, " r " ) ; 
c u r r e n t  t a l l y  num ber f r o m  f i l e  
i f  ( ! f )  (
p r i n t f ( " t a l l y . c f g  f i l e  m i s s i n g \ n \ n " ) ; 
r e t u r n  1 ;
} w h i l e  ( f s c a n f ( f , " % d " , & t a l l y )  1= EO F); 
f c l o s e ( f ) ;
/ / o p e n s  r e a d s
s p r i n t f ( a n a l o g f i l e , " % s a _ % d . t x t " , D A T A _ D I R , t a l l y ) ; 
u p d a t e s  i n d e x  i n  o u t p u t  f i l e s
s p r i n t f ( d i g i t a l f i l e , " % s d i g i t a l _ % d . t x t " , D A T A _ D I R , t a l l y )  
s p r i n t f ( r e c e n t _ d a t a , "% s r e c e n t . t x t " , DATA_DIR);
/ / s t o r e s  l a s t  d a t a ,  n o  u n i t s ,  t o  f i l e  r e c e n t . t x t
/ /
f = f  o p e n (SENSOR_CFG, " r " ) ; 
s e n s o r  c o n f i g  f o r  c a l c u l a t i o n s  
i f  ( ! f )  {
p r i n t f ( " p l e a s e  c o n f i g u r e  s e n s o r s  f i r s t \ n \ n " ) ; 
r e t u r n  1 ;
} w h i l e  ( f s c a n f ( f , " % f  %f %d", &L9, &L1, & p u t t e r _ u s e d )  != 
f c l o s e ( f ) ;
/ / r e a d s
EOF) ;
1 2 1
f = f o p e n ( a n a l o g f i l e , " w " ) ; / / n e w  f i l e
w i t h  c u r r e n t  i n d e x  name  
i f  ( ! f ) {
r e t u r n  1 ;
}
s t a r t  = c l o c k  0 ;
/ / s t a r t s  t i m e r
p r i n t f (" \ 7 \ n " ) ;  / / b e e p s  w hen  s t a r t s
d o {
/ / l o o p  t o  r e a d  d a g  c a r d  
r u n  = c l o c k  0 ;
A->DIn(PORTJR, & v a l u e _ d i g i t a l ) ;  
A - > A I n ( 0 ,& a 0 )
A - > A I n ( l , & a l )
A - > A I n ( 2 ,& a 2 )
A - > A I n ( 3 ,& a 3 )
/ / m a s k  b i t s  f r o m  d i g i t a l  i n p u t s  
do = ( v a l u e _ d i g i t a l  & 1 ) / 1 ;
d l  = ( v a l u e _ d i g i t a l  & 2 ) / 2
d2  = ( v a l u e _ d i g i t a l  & 4 ) / 4
d3 = ( v a l u e _ d i g i t a l  & 8 ) / 8 ;
i f (do == 0 ) {
/ / r e c o r d s  t h e  t i m e  b i t s  a r e  t r i p p e d  
i f ( t r i p _ d O  == 0 ) {  
t r i p _ d O  = 1 ;  
t im e_ d O  = c l o c k ( ) ;
} ^
i f ( d l  == 0 ) (
i f ( t r i p _ d l  == 0 ) (  
t r i p _ d l  = 1 ;  
t i m e _ d l  = c l o c k ( ) ;
} ^
i f ( d 2  == 0) {
i f ( t r i p _ d 2  == 0 ) {  
t r i p _ d 2  = 1 ;  
t i m e _ d 2  = c l o c k ( ) ;
} ^
/ / p r i n t  v a r i a b l e s  t o  f i l e  a n d  s t d o u t  
f p r i n t f ( f , " % d  %d % d \ n " , a 0 , a l , a 2 ) ;
c o u n t  = c o u n t  + 1 ;
) w h i l e  ( ( d i f f t im e ( r u n , s t a r t ) /C L O C K S _ P E R _ S E C )  <= t i m e l i m i t ) ;  
/ / r u n  f o r  x  s e c o n d s
1 2 2
s t o p  = c l o c k  0 ;
/ / s t o p s  t i m e r
e l a p s e d  = d i f f t i m e ( s t o p , s t a r t ) / C L O C K S _ P E R _ S E C ;  
/ / c a l c u l a t e s  t i m e  e l a p s e d
e la p s e d _ d O  = d i f f t i m e ( t i m e _ d O , s t a r t ) /C L O C K S _ P E R _ S E C  
e l a p s e d _ d l  = d i f f t i m e ( t i m e _ d l , s t a r t ) / C L O C K S _ P E R _ S E C  
e l a p s e d _ d 2  = d i f f t i m e ( t i m e _ d 2 , start) /C L O CK S_PE R_SE C
/ / v e l o c i t y  c a l c u l a t i o n s  
L I = L I + 2 . 5 ;
/ / c o n v e r t  i n p u t  v a l u e s  f o r  a c t u a l  c a l c u l a t i o n s  
L9 = (L9 + l ) / 2 ;
L7 = L9 + L 1 0 * ( t a n ( a t a n ( L 9 / ( L 2 - L 1 0 ) ) ) ) ;
B = a t a n ( L 7 / L 2 ) ;
F = a t a n ( L 2 / L 7 ) ;
Z = s i n ( B ) ;
Y = C O S ( B ) ;
T = ( d i f f t i m e ( t i m e _ d l , t i m e _ d O ) / ( d i f f t i m e ( t i m e _ d 2 , t i m e _ d l ) ) ) ;
a n g l e  = a t a n ( L 7 * ( T - l ) / ( ( - T * L 1 - L 1 ) ) ) ;
L4 = ( s i n ( F ) * ( L 7 - L l * t a n ( a n g l e ) ) / ( c o s ( F ) + a n g l e ) ) ;
LS = s i n ( F ) * ( p o w ( ( p o w ( L 7 , 2 ) +
p o w ( L 2 , 2 ) ) , 0 . 5 ) + ( s i n ( a n g l e ) * (L 1 + L 2 ) / ( c o s ( a n g l e + F ) ) ) ) / c o s ( a n g l e ) ;
s p e e d  = (L4 + L 5 ) / ( ( d i f f t i m e ( t i m e _ d 2 , t i m e _ d O ) / C L O C K S _ P E R _ S E C ) ) ;  
t r a j  = a n g l e * 1 8 0 / 3 . 1 4 1 5 9 ;
f c l o s e ( f ) ;
/ /  c l o s e s  a n a l o g  f i l e
i f ( u n i t s  == 1 ) {
/ / i m p e r i a l  u n i t s  
f = f o p e n ( d i g i t a l f i l e , " w " ) ;
/ / w r i t e s  d i g i t a l  i n f o  t o  f i l e  
i f  ( ! f ) {
r e t u r n  1 ;
} f p r i n t f ( f , " % s \ n S p e e d :  % .3e i n / s e c \ n T r a j e c t o r y : % .3e
d e g r e e s \ n A n a l o g  f i l e :  % s \ n " , d i g i t a l f i l e , s p e e d , t r a j , a n a l o g f i l e ) ; 
f c l o s e ( f ) ;
} e l s e  i f ( u n i t s  == 2 ) {
f = f o p e n ( d i g i t a l f i l e , " w " ) ;
/ / w r i t e s  d i g i t a l  i n f o  t o  f i l e  
i f ( ! f ) {
r e t u r n  1 ;
} f p r i n t f ( f , " % s \ n S p e e d :  % .3e c m / s e c \ n T r a j e c t o r y :  % .3e
d e g r e e s \n A n a l o g  f i l e :  % s \n " , d i g i t a l f i l e , s p e e d * 2 . 5 4 , t r a j , a n a l o g f i l e ) ; 
f c l o s e ( f ) ;
}
f = f o p e n ( r e c e n t _ d a t a , " w " ) ;
/ / w r i t e s  d i g i t a l  i n f o  t o  f i l e  
i f ( ! f ) {
r e t u r n  1;
} f p r i n t f ( f , "%.3e %. 3 e " , s p e e d , t r a j ) ;  
f c l o s e ( f ) ;
t a l l y  = t a l l y  + 1 ;  / / i n c r e m e n t
c u r r e n t  t a l l y
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f= fo p en (T A L L Y _ C F G ," w " ) ; 
i f ( ! f ) {
p r i n t f ( " t a l l y . c f g  f i l e  m i s s i n g \ n \ n " ) ;  
r e t u r n  1 ;
} f p r i n t f ( f , " % d " , t a l l y ) ; 
f c l o s e ( f ) ;
i f ( u n i t s  == 1 ) {
p r i n t f ( " \ n \ n \ n C a l c u l a t i o n s  C o m p l e t e \ n " ) ;
p r i n t f  ( " --------  \ n " )  ;
/ / o u t p u t  d i g i t a l  r e s u l t s
p r i n t f ( " B a l l  s p e e d :  % .3 f  i n / s e c \ n " , s p e e d ) ;
p r i n t f ( " B a l l  t r a j e c t o r y :  % .3 f  d e g r e e s \ n " , t r a j ) ;
p r i n t f ( " R o w s  r e c o r d e d :  % d \ n " , c o u n t ) ;
p r i n t f ( " A n a lo g  D a t a  r e c o r d e d  t o :  ' %s' \ n " , a n a l o g f i l e ) ; 
p r i n t f ( " D i g i t a l  D a t a  r e c o r d e d  t o :  '%s' \ n " , d i g i t a l f i l e ) ; 
p r i n t f ( " \ n R e t u r n i n g  t o  M ain  Menu . . . \ 7 \ n \ n \ n \ n " ) ;
} e l s e  i f ( u n i t s  == 2 ) {
p r i n t f ( " \ n \ n \ n C a l c u l a t i o n s  C o m p l e t e \ n " ) ;
p r i n t f  ( "--------------------  \ n " )  ;
/ / o u t p u t  d i g i t a l  r e s u l t s
p r i n t f ( " B a l l  s p e e d :  % .3 f  c m / s e c \ n " , s p e e d * 2 . 5 4 )
p r i n t f ( " B a l l  t r a j e c t o r y :  % .3 f  d e g r e e s \ n " , t r a j ) ;
p r i n t f ( " R o w s  r e c o r d e d :  % d \ n " , c o u n t ) ;
p r i n t f ( " A n a lo g  D a t a  r e c o r d e d  t o :  '%s' \ n " , a n a l o g f i l e ) ; 
p r i n t f ( " D i g i t a l  D a t a  r e c o r d e d  t o :  '%s' \ n " , d i g i t a l f i l e ) ; 
p r i n t f ( " \ n R e t u r n i n g  t o  M ain  Menu . . . \ 7 \ n \ n \ n \ n " ) ;
}
A - > d i s c o n n e c t  0  ; 
d e l e t e  A; 
r e t u r n  0 ;
v o i d  e r r o r _ l o g ( i n t  c o d e ,  c l i a r  * s t r i n g ) {
p r in t f (" E R R O R  %d: %s \ n " ,  c o d e ,  s t r i n g ) ;
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Sample.cpp
C o p y r i g h t  (C) 2 0 0 0 - 1  b y  Hugh J a c k  < j a c k h ® g v s u .e d u >
T h i s  p r o g r a m  i s  f r e e  s o f t w a r e ;  y o u  c a n  r e d i s t r i b u t e  i t  a n d / o r  m o d i f y  
i t  u n d e r  t h e  t e r m s  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e  a s  p u b l i s h e d  by  
t h e  F r e e  S o f t w a r e  F o u n d a t i o n ;  e i t h e r  v e r s i o n  2 o f  t h e  L i c e n s e ,  o r  
( a t  y o u r  o p t i o n )  a n y  l a t e r  v e r s i o n .
T h i s  p r o g r a m  i s  d i s t r i b u t e d  i n  t h e  h o p e  t h a t  i t  w i l l  b e  u s e f u l ,  
b u t  WITHOUT ANY WARRANTY; w i t h o u t  e v e n  t h e  i m p l i e d  w a r r a n t y  o f  
MERCHANTABILITY o r  FITNESS FOR A PARTICULAR PURPOSE. S e e  t h e  
GNU G e n e r a l  P u b l i c  L i c e n s e  f o r  m ore  d e t a i l s .
You s h o u l d  h a v e  r e c e i v e d  a  c o p y  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e  
a l o n g  w i t h  t h i s  p r o g r a m ;  i f  n o t ,  w r i t e  t o  t h e  F r e e  S o f t w a r e  
F o u n d a t i o n ,  I n c . ,  6 7 5  M ass A v e ,  C a m b r id g e ,  MA 0 2 1 3 9 ,  USA.
L a s t  M o d i f i e d :  March 1 1 ,  2 0 0 1
M o d i f i e d  b y  J o e l  O o s t d y k  - w i n t e r  2 0 0 3
v a r i a t i o n  o f  t h e  t e s t d a q . c p p  f i l e  t o  a c c o m o d a t e  m u s c le - m e m o r y  p r o j e c t .
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
# i n c l u d e  < s y s / t y p e s . h >
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < s t r i n g . h >
# i n c l u d e  < u n i s t d . h >
( ♦ d e f i n e  COPY_TO_FLOPPY 
# d e f i n e  REMOVE_DATA 
j u n k . c f g  "
♦ ♦d e f in e  COLLECT_DATA 
# d e f i n e  CALIBRATE_SG 
# d e f i n e  RESCUE_FILES 
# d e f i n e  SELECT_UNITS 
# d e f i n e  POST_PROC 
♦ ♦d e f in e  CALIBRATE_PAD1 
# d e f i n e  CALIBRATE_PAD2 
# d e f i n e  FLOOR LAYOUT
m copy a n a l o g _ * . t x t  d i g i t a l _ * . t x t  a : "
rm - f  d a t a _ * . t x t  a n a l o g _ * . t x t  d i g i t a l _ * . t x t  a _ * . t x t
. / r e a d e r "
. / s t r a i n _ g "  
m copy * . *  a  :"
. / u n i t s "
. / p o s t j p r o c "
. / s t r a i n _ p l "
. / s t r a i n _ p 2 "
. / f l o o r _ l a y o u t "
# d e f i n e  UNITS_CFG 
# d e f i n e  TALLY_CFG 
# d e f i n e  SENSOR CFG
" / r o o t / p u t t / u n i t s . c f g "  
" / r o o t / p u t t / t a l l y . c f g "  
" / r o o t / p u t t / s e n s o r . c f g "
i n t  m a in O  {
i n t  t a l l y ;
i n t  u n i t s ;
c h a r  u n i t _ s y s t e m [ 5 0 ]  ;
i n t  y ;
i n t  s e r i e s ;
i n t  a n y k e y ;
i n t  c h o i c e ;
i n t  p u t t e r _ u s e d ;
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c h a r  p u t t e r _ u s e d _ t e x t [ 5 0 ] ;  
f l o a t  L 1 ,L 9 ;
FILE * f ;  
d o {
f= fo p e n (S E N S O R _ C F G ," r " ) ;
/ / r e a d s  c u r r e n t  s e n s o r  d i m e n s i o n s  a n d  p u t t e r  
i f ( ! f )
r e t u r n  1 ;
w h i l e  ( f s c a n f ( f , " % f  %f % d " ,& L 9 ,& L l ,& p u t t e r _ u s e d )  !=EOF);  
f c l o s e ( f ) ;
i f ( p u t t e r _ u s e d  == 1 ) { s p r i n t f ( p u t t e r _ u s e d _ t e x t , " L S " ) ; }  
i f ( p u t t e r _ u s e d  == 2 ) { s p r i n t f ( p u t t e r _ u s e d _ t e x t , " S B " ) ; }  
i f ( p u t t e r _ u s e d  == 3 ) { s p r i n t f ( p u t t e r _ u s e d _ t e x t , " S I " )
f = f o p e n ( U N I T S _ C F G ," r " ) ; 
i f ( I f )
r e t u r n  1 ;
w h i l e  ( f s c a n f ( f , " % d " , & u n i t s )  != E O F ); 
f c l o s e ( f ) ;
i f ( u n i t s  == 1 ) {
s p r i n t f ( u n i t _ s y s t e m , " I m p e r i a l " ) ;
} e l s e { s p r i n t f ( u n i t _ s y s t e m , " S t a n d a r d  I n t e r n a t i o n a l " ) ;}
f = fo p e n (T A L L Y _ C F G ," r " ) ; 
i f ( I f )
r e t u r n  1;
w h i l e  ( f s c a n f ( f , " % d " , & s e r i e s )  l=EO F);  
f c l o s e ( f ) ;
p r i n t f  ( " \ n \ n -------------------------- PUTTING VARIABLES RECORDING PROGRAM----------
----------------- \ n " ) ;
p r i n t f ( " 1 .  R e s e t  D a t a  C o l l e c t i o n  S e r i e s  ( c u r r e n t l y  a t :
% d ) \n " , s e r i e s ) ;
p r i n t f ( " 2 .  U p d a t e  S e n s o r  a n d  P u t t e r  I n f o r m a t i o n \ n " ) ; 
p r i n t f ( " 3 .  C a l i b r a t e  S t r a i n  G a g e s \ n " ) ;
p r i n t f ( " 4 .  S e l e c t  U n i t  S y s t e m  ( c u r r e n t l y  i n :  % s ) \ n " , u n i t _ s y s t e m ) ;
p r i n t f ( " 5 .  C o l l e c t  D a t a \ n " ) ;
p r i n t f ( " 6 .  P o s t - P r o c e s s  t h e  D a t a \ n " ) ;
p r i n t f ( " 7 .  S a v e  D a t a  S e r i e s  t o  F l o p p y  D r i v e \ n " ) ;
p r i n t f ( " 1 1 .  Q u i t \ n \ n " ) ;  
p r i n t f ( " S e l e c t  : " ) ;  
s c a n f ( "%d", & c h o i c e ) ;
s e r i e s  t o  0 \ n " ) ;  
ABORT : " ) ;
i f ( c h o i c e  == 1 ) {
p r i n t f ( " \ n T h i s  w i l l  d e l e t e  o l d  d a t a  f i l e s  a n d  r e s e t  t h e
p r i n t f ( " P r e s s  ' 1 '  t o  CONTINUE, o r  a n y  o t h e r  NUMBER k e y  t o  
s c a n f ( "%d", & y ) ; 
i f ( y  == 1 ) {
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\ n " )  ;
L9) ; 
L I ) ;
p r i n t f ( " \ n \ n R e s e t t i n g  R e c o r d s  a n d  D e l e t i n g  D a t a  F i l e s
f= fo p en (T A L L Y _ C F G ," w " ); 
i f ( ! f )
r e t u r n  1 ;  
f p r i n t f ( f , ”0 " ) ;  
f c l o s e ( f ) ;
system(REMOVE_DATA); 
p r i n t f ( " R e c o r d s  R e s e t \ n " ) ; 
p r i n t f ( " F i l e s  D e l e t e d \ n " ) ; 
s l e e p ( 1 ) ;
} e l s e { y  = 0 ;  c h o i c e  = 1 ; }
} e l s e  i f ( c h o i c e  == 2 ) {  
i f ( u n i t s  == 1 ) {
p r i n t f ( " \ n \ n  C u r r e n t  d i m e n s i o n s  : \ n " ) ;
p r i n t f ( " D i s t a n c e  b e t w e e n  r a i l s  : % .2f i n \ n " ,
p r i n t f ( " D i s t a n c e  f r o m  b a l l  t o  r a i l s  : % .2f  i n \ n " ,
p r i n t f ( " C u r r e n t  p u t t e r  u s e d  :
% s \ n " , p u t t e r _ u s e d _ t e x t ) ;
} e l s e  i f ( u n i t s  == 2 ) {
p r i n t f ( " \ n \ n  C u r r e n t  d i m e n s i o n s  : \ n " ) ;
p r i n t f ( " D i s t a n c e  b e t w e e n  r a i l s  : % .2f  c m \n " ,
L 9 * 2 . 5 4 )  ;
p r i n t f ( " D i s t a n c e  f r o m  b a l l  t o  r a i l s  : % .2f  c m \n " ,
L l * 2 . 5 4 )  ;
p r i n t f ( " C u r r e n t  p u t t e r  u s e d  :
% s \ n " , p u t t e r _ u s e d _ t e x t ) ;
l a y o u t \ n " ) ;
g a g e \ n " )
p r i n t f ( " \ n \ n P r e s s  2 t o  u p d a t e  c a l c u l a t i o n s  f o r  t h e  s e n s o r
p r i n t f ( " a n y  o t h e r  nu m ber  t o  ABORT:" ) ;  
s c a n f  ( "%d", sa n y lc e y )  ;
i f ( a n y k e y  == 2 ) {
system(FLOOR_LAYOUT);
} e l s e { c h o i c e  = 2 ; }  
s l e e p ( 1 ) ;
} e l s e  i f ( c h o i c e  == 3 ) {
p r i n t f ( " \ n \ n P r e s s  1 t o  c a l i b r a t e  t h e  PUTTER s t r a i n
p r i n t f ( " P r e s s  2 t o  c a l i b r a t e  FOOT PAD 1 s t r a i n  g a g e \ n " ) ; 
p r i n t f ( " P r e s s  3 t o  c a l i b r a t e  FOOT PAD 2 s t r a i n  g a g e \ n " ) ; 
s c a n f ( " %d", & a n y k ey ) ;
i f ( a n y k e y  == 1 ) {
p r i n t f ( " \ n \ n V a l u e s  fr o m  t h e  s t r a i n  g a g e  w i l l  s c r o l l  
p a s t  t h e  s c r e e n ,  t u r n  t h e  p o t e n t i o m e t e r \ n " ) ;
p r i n t f ( " u n t i l  t h e  v a l u e s  o n  t h e  s c r e e n  a r e
a p p r o x i m a t e l y  2 5 0 0 . \ n \ n " ) ;
p r i n t f ( " P r e s s  ' 3 '  A g a i n  To B e g i n  ( a n y  o t h e r  NUMBER t o
a b o r t ) :  " ) ;
s c a n f ( "%d", & a n y k e y ) ; 
i f ( a n y k e y  == 3 ) {
system (C A L IB R A T E _SG ); 
s l e e p ( 2 ) ;
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} e l s e { c h o i c e  = 3 ; }
} e l s e  i f ( a n y k e y  == 2 ) {
p r i n t f ( " \ n \ n V a l u e s  f r o m  t h e  s t r a i n  g a g e  w i l l  s c r o l l  
p a s t  t h e  s c r e e n ,  t u r n  t h e  p o t e n t i o m e t e r \ n " ) ;
p r i n t f ( " u n t i l  t h e  v a l u e s  o n  t h e  s c r e e n  a r e
a p p r o x i m a t e l y  1 0 0 0 . \ n \ n " ) ;
p r i n t f ( " P r e s s  ' 3 '  A g a i n  To B e g i n  ( a n y  o t h e r  NUMBER t o
a b o r t ) :  " ) ;
s c a n f (" %d", S a n y k e y ) ; 
i f ( a n y k e y  == 3 ) {
system (C AL IB R AT E _PAD1); 
s l e e p ( 2 ) ;
} e l s e ( c h o i c e  = 3 ; }
} e l s e  i f ( a n y k e y  == 3 ) {
p r i n t f ( " \ n \ n V a l u e s  f r o m  t h e  s t r a i n  g a g e  w i l l  s c r o l l  
p a s t  t h e  s c r e e n ,  t u r n  t h e  p o t e n t i o m e t e r \ n " ) ;
p r i n t f ( " u n t i l  t h e  v a l u e s  o n  t h e  s c r e e n  a r e
a p p r o x i m a t e l y  1 0 0 0 . \ n \ n " ) ;
p r i n t f ( " P r e s s  ' 3 '  A g a i n  To B e g i n  (a n y  o t h e r  NUMBER t o
a b o r t ) :  " ) ;
s c a n f (" %d", & a n y k e y ) ; 
i f ( a n y k e y  == 3 ) {
system (C AL IB R AT E _PAD2); 
s l e e p ( 2 ) ;
} e l s e ( c h o i c e  = 3 ; }
} e l s e ( c h o i c e  = 3 ; }
} e l s e  i f ( c h o i c e  == 4 ) (
s y s t e m  (SELECT_UNITS);
} e l s e  i f ( c h o i c e  == 5 ) (
p r i n t f ( " \ n \ n S y s t e m  w i l l  b e g i n  c o l l e c t i n g  d a t a  i n : \ n " ) ; 
s l e e p ( 1 ) ;  
p r i n t f ( " 5 \ n " ) ; 
s l e e p ( 1 ) ;  
p r i n t f ( " 4 \ n " ) ; 
s l e e p ( 1 ) ;  
p r i n t f ( " 3 \ 7 \ n " )  
s l e e p ( 1 ) ;  
p r i n t f ( " 2 \ 7 \ n " )  
s l e e p ( 1 ) ;  
p r i n t f ( " l \ 7 \ n " )  
s l e e p ( 1 ) ;  
p r i n t f ( " G 0 \ 7 \ n " ) ;
system(COLLECT_DATA); 
s l e e p ( 1 ) ;
} e l s e  i f  ( c h o i c e  == 6 ) (
p r i n t f ( " \ n \ n R u n n i n g  t h e  P o s t - P r o c e s s o r ,  P l e a s e
W a i t . . . . \ n \ n " ) ;
f = f o p e n ( " t a l l y . c f g " , " r " ) ;
/ / o p e n s  a n d  r e a d s  c u r r e n t  t a l l y  num ber f r o m  f i l e  
i f ( ! f )  (
p r i n t f ( " t a l l y . c f g  f i l e  m i s s i n g \ n \ n " ) ; 
r e t u r n  1 ;
} w h i l e  ( f s c a n f ( f , " % d " , & t a l l y )  != E O F ); 
f c l o s e ( f ) ;
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i f ( t a l l y  > 0 ) {
sys tem (P O S T _P R O C );
e l s e (
p r i n t f ("\n\nERROR -  No d a t a  p r e s e n t ,  p l e a s e  c o l l e c t
d a t a  f i r s t \ n \ n " ) ;
s l e e p ( 1 ) ;  
c h o i c e  = 6 ;
}
} e l s e  i f ( c h o i c e  == 7 ) (
p r i n t f ( " \ n \ n E n t e r  a  d i s k  i n t o  d r i v e  A: a n d  p r e s s  ' 7 '  
a g a i n \ n  ( a n y  o t h e r  NUMBER t o  a b o r t ) : " ) ;
s c a n f ( "%d", & a n y k e y ) ;
i f  ( a n y k e y  == 7 ) {
s y s t e m (COPY_TO_FLOPPY) ;  
s l e e p ( 2 ) ;
} e l s e { c h o i c e  = 7 ; }
} e l s e  i f ( c h o i c e  == 9 1 1 ) {
p r i n t f ( " B a c k i n g  u p  p r o g r a m  f i l e s  . . . . \ n \ n " ) ;  
p r i n t f ( " \ n \ n E n t e r  a  d i s k  i n t o  d r i v e  A: a n d  p r e s s  ' 9 1 1 '
a g a i n \ n  " ) ;
p r i n t f ( " a n y  o t h e r  num ber t o  ABORT:");  
s c a n f ( "%d", & a n y k e y ) ; 
i f ( a n y k e y  == 9 1 1 ) {
s y s t e m (RESCUE_FILES) ;
} e l s e { c h o i c e  = 9 1 1 ; }  
s l e e p ( 1 ) ;
} e l s e  i f ( c h o i c e  == 8 ) {
} e l s e  i f ( c h o i c e  == 9 ) {
} e l s e  i f ( c h o i c e  == 1 0 ) {
} e l s e  i f ( c h o i c e  == 1 1 ) {
} e l s e  {
p r in t f (" E R R O R :  C h o i c e  n o t  r e c o g n i z e d \ n " ) ;
}
} w h i l e ( c h o i c e  != 1 1 ) ;  
r e t u r n  0 ;
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Strain_g.cpp
/ /
/ /  C o p y r i g h t  (C) 2 0 0 2 - 3  b y  J o e l  O o s t d y k  < o o s t d y k j ® s t u d e n t . g v s u . e d u >
/ /
/ /  T h i s  p r o g r a m  i s  f r e e  s o f t w a r e ;  y o u  c a n  r e d i s t r i b u t e  i t  a n d / o r  m o d i f y  
/ /  i t  u n d e r  t h e  t e r m s  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e  a s  p u b l i s h e d  by
/ /  t h e  F r e e  S o f t w a r e  F o u n d a t i o n ;  e i t h e r  v e r s i o n  2 o f  t h e  L i c e n s e ,  o r
/ /  ( a t  y o u r  o p t i o n )  a n y  l a t e r  v e r s i o n .
/ /
/ /  T h i s  p r o g r a m  i s  d i s t r i b u t e d  i n  t h e  h o p e  t h a t  i t  w i l l  b e  u s e f u l ,
/ /  b u t  WITHOUT ANY WARRANTY; w i t h o u t  e v e n  t h e  i m p l i e d  w a r r a n t y  o f
/ /  MERCHANTABILITY o r  FITNESS FOR A PARTICULAR PURPOSE. S e e  t h e
/ /  GNU G e n e r a l  P u b l i c  L i c e n s e  f o r  m ore  d e t a i l s .
/ /
/ /  You s h o u l d  h a v e  r e c e i v e d  a  c o p y  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e
/ /  a l o n g  w i t h  t h i s  p r o g r a m ;  i f  n o t ,  w r i t e  t o  t h e  F r e e  S o f t w a r e
/ /  F o u n d a t i o n ,  I n c . ,  6 7 5  M ass  A v e ,  C a m b r id g e ,  MA 0 2 1 3 9 ,  USA.
/ /  
/ /
/ /  L a s t  M o d i f i e d :  F eb  2 6 ,  2 003  
/ /
/ /  
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < s t r i n g . h >
# i n c l u d e  < u n i s t d . h >
# i n c l u d e  < t i m e . h >
# i n c l u d e  < m a th .h >
^ i n c l u d e  < s i g n a l . h >
# i n c l u d e  < s y s / t i m e . h >
( ♦ i n c l u d e  " d a s 0 8 _ i o . h "
( ( d e f i n e  STRAIN_CFG " / r o o t / p u t t / s t r a i n . c f g "
# d e f i n e  STRAIN_TEXT " / r o o t / p u t t / s t r a i n . t x t "
/ / # d e f i n e  DEBUG 1;  / / f o r  d e b u g g i n g
p u r p o s e s
i n t  m a in O  
{
d a s 0 8  *A;
i n t  t i m e l i m i t  = 1 ;  / / s e c o n d s
p r o g r a m  i s  t o  l o o p  f o r  x  s e c o n d s
i n t  a n a l o g _ p o r t ;  / /
d i g i t a l  a n d  a n a l o g  v a r i a b l e s
i n t  a n a l o g _ r e a d i n g  = 0 ;
FILE * f ;
c l o c k _ t  s t a r t , r u n , s t o p ;
A = new d a s 0 8  0  ;
A - > c o n f i g u r e ( " d a s 0 8 . c o n f " ) ;
A - > c o n n e c t  0  ;
f= f o p e n ( S T R A I N _ C F G ," r " ) ;
/ / r e a d s  w h a t  c u r r e n t  u n i t s  a r e  i n
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p r in t f (" E R R O R :  s t r a i n . c f g  f i l e  m i s s i n g " ) ;  
r e t u r n  1 ;
} w h i l e ( f s c a n f ( f , " % d  % d " ,& t i m e l i m i t , & a n a l o g _ j ) o r t )  !=  EOF) ; 
f c l o s e ( f ) ;
s t a r t  = c l o c k  0 ;  
/ / s t a r t s  t i m e r
d o {
r u n  = c l o c k ( ) ;
A - > A I n (a n a l o g j p o r t , & a n a l o g _ r e a d i n g ) ; 
p r i n t f ( "% d\n", a n a l o g _ r e a d i n g ) ;
}w h i l e ( ( d i f f t i m e ( r u n , s t a r t ) /CLOCKS_PER_SEC) <= t i m e l i m i t ) ;  
/ / r u n  f o r  x  s e c o n d s
s t o p  = c l o c k ( ) ;
/ / s t o p s  t i m e r
p r i n t f ( " \ n C a l i b r a t i o n  t i m e  e x p i r e d . . .  R e t u r i n g  t o  M ain  M e n u \ n \ n " ) ;
A - > d i s c o n n e c t ( ) ; 
d e l e t e  A; 
r e t u r n  0 ;
v o i d  e r r o r _ l o g ( i n t  c o d e ,  c h a r  * s t r i n g ) {
p r in t f (" E R R O R  %d: %s \ n " ,  c o d e ,  s t r i n g ) ;
}
131
Units.cpp
C o p y r i g h t  (C) 2 0 0 2 - 3  b y  J o e l  O o s t d y k  < o o s t d y k j © s t u d e n t . g v s u . e d u >
T h i s  p r o g r a m  i s  f r e e  s o f t w a r e ;  y o u  c a n  r e d i s t r i b u t e  i t  a n d / o r  m o d i f y  
i t  u n d e r  t h e  t e r m s  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e  a s  p u b l i s h e d  b y  
t h e  F r e e  S o f t w a r e  F o u n d a t i o n ;  e i t h e r  v e r s i o n  2 o f  t h e  L i c e n s e ,  o r  
( a t  y o u r  o p t i o n )  a n y  l a t e r  v e r s i o n .
T h i s  p r o g r a m  i s  d i s t r i b u t e d  i n  t h e  h o p e  t h a t  i t  w i l l  b e  u s e f u l ,  
b u t  WITHOUT ANY WARRANTY; w i t h o u t  e v e n  t h e  i m p l i e d  w a r r a n t y  o f  
MERCHANTABILITY o r  FITNESS FOR A PARTICULAR PURPOSE. S e e  t h e  
GNU G e n e r a l  P u b l i c  L i c e n s e  f o r  more d e t a i l s .
You s h o u l d  h a v e  r e c e i v e d  a  c o p y  o f  t h e  GNU G e n e r a l  P u b l i c  L i c e n s e  
a l o n g  w i t h  t h i s  p r o g r a m ;  i f  n o t ,  w r i t e  t o  t h e  F r e e  S o f t w a r e  
F o u n d a t i o n ,  I n c . ,  6 7 5  M ass A v e ,  C a m b r id g e ,  MA 0 2 1 3 9 ,  USA.
L a s t  M o d i f i e d :  F eb  2 6 ,  2 0 0 3
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  <s t r i n g . h >
# i n c l u d e  < u n i s t d . h >
# d e f i n e  UNITS_CFG " / r o o t / p u t t / u n i t s . c f g "
# d e f i n e  TALLY_CFG " / r o o t / p u t t / t a l l y . c f g "
# d e f i n e  SENSOR_CFG " / r o o t / p u t t / s e n s o r . c f g "
/ / # d e f i n e  DEBUG 1
/ / d e b u g  p u r p o s e s
i n t  m a i n ()
{
i n t  u n i t s  = 0 ;
FILE * f ;
f = f  o p e n (UNITS_CFG, " w" ) ;  / / o p e n s
c a l i b r a t i o n  f i l e  
i f ( ! f ) {
r e t u r n  1 ;
}
d o {
p r i n t f ( " \ n \ n E n t e r  t h e  u n i t  s y s t e m  t h a t  y o u  w i s h  t o  u s e : \ n " ) ;
p r i n t f (" 1 = I m t e r i a l  ( i n c h e s ) \ n " ) ;
p r i n t f (" 2 = S t a n d a r d  I n t e r n a t i o n a l  ( m e t e r s ) \ n " ) ;
p r i n t f (" : " ) ;
s c a n f ( " % d " ,  & u n i t s ) ;
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} w h i l e ( ( u n i t s  != 1) && ( u n i t s  != 2 ) ) ;  
f p r i n t f ( f , " % d \ n " . u n i t s ) ;
f c l o s e ( f ) ;  / /
c l o s e  c a l i b r a t i o n  f i l e
p r i n t f ( " \ n ' %s' u p d a t e d \n " ,U N I T S _ C F G ) ; 
s l e e p ( 1 ) ;
}
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Calibacks.c
# i f d e f  HAVE_CONFIG_H 
# i n c l u d e  < c o n f i g . h >  
# e n d i f
# i n c l u d e  < s y s / t y p e s . h >  
# i n c l u d e  < u n i s t d . h >
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < g n o m e.h >
# i n c l u d e  < s t r i n g . h >
# i n c l u d e  " c a l l b a c k s . h "  
# i n c l u d e  "i n t e r f a c e . h "  
# i n c l u d e  " s u p p o r t . h "
t t d e f i n e  DATA_DIR
# d e f i n e  STRAIN_TEXT
i d e f i n e  UNITS_CFG
# d e f i n e  TALLY_CFG
# d e f i n e  SENSOR_CFG
# d e f i n e  STRAIN_CFG
# d e f i n e  NEW_TERMINAL_STRAIN_G
c o m m a n d = / r o o t / p u t t / s t r a i n _ g "
# d e f i n e  CLOSE_TERMINAL
# d e f i n e  RECENT
t t d e f i n e  POST_PROCESS
c o m m a n d s / r o o t / p u t  t / p o s t _ p r o c "
t t d e f i n e  COPY_TO_FLOPPY_A
/ r o o t / p u t t / a n a l o g _ * . t x t  a : ' "
t t d e f i n e  COPY_TO_FLOPPY_D
/ r o o t / p u t t / d i g i t a l _ l . t x t  a  : ' "
t t d e f i n e  COPY
t t d e f i n e  TO FLOPPY
a :  "
t t d e f i n e  REMOVE DATA
rm
rm
t t d e f i n e  COPY_COMMAND 
t t d e f i n e  COLLECT_DATA 
c o m m a n d = / r o o t / p u t t / r e a d e r "
" / r o o t / p u t t / "
" / r o o t / p u t t / s t r a i n . t x t " 
" / r o o t / p u t t / u n i t s . c f g "  
" / r o o t / p u t t / t a l l y . c f g "  
" / r o o t / p u t t / s e n s o r . c f g "  
" / r o o t / p u t t / s t r a i n . c f g "
" g n o m e - t e r m i n a l  - e ,  - -
" e x i t "
" / r o o t / p u t  t / r e c e n t . t x t "
" g n o m e - t e r m i n a l  - e ,  - -
" g n o m e - t e r m i n a l  - e ,  -  - c o m m a n d s ' m copy - o
" g n o m e - t e r m i n a l  - e ,  - - c o m m a n d s ' m copy
" g n o m e - t e r m i n a l  / r o o t / p u t t / "
"mcopy - n o  a n a l o g _ * . t x t  d i g i t a l _ * . t x t
"rm - f  / r o o t / p u t t / a n a l o g _ * . t x t  
• f  / r o o t / p u t t / d i g i t a l _ * . t x t  
•f / r o o t / p u t t / a _ * . t x t "
" / r o o t / p u 1 1 / c o p y . t x t "
" g n o m e - t e r m i n a l  - e ,  - -
FILE
i n t t a l l y ;
i n t u n i t s  ;
f l o a t L 9 ,L 1 ;
i n t p u t t e r _ u s e d ;
/ *
/ / u s e  t h i s  f o r m a t  f o r  a l l  w indow  c a l l i n g  
f u n c t i o n s / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
G tk W id g e t  * u n i t s _ w i n d o w ;
G tk W id g e t  *m ain_m enu;
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u n i t s _ w i n d o w  = c r e a t e _ s e t _ u n i t s ( )  ;
m ain_m enu = lo o k u p _ w id g e t (G T K _ W ID G E T (m en u item ) , "Main_Menu") ;
g t k _ o b j  e c t _ s e t _ d a t a ( G T K _ O B J E C T ( u n i t s _ w i n d o w ) , " m a i n _ m e n u _ p o i n t e r " , main_men
u)  ;
g t k _ w i d g e t _ s h o w ( u n i t s _ w i n d o w ) ; 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / /
/ / o p e n  a n d  u p d a t e  m a in  m enu- i n c l u d e  t h i s  i n  a l l  w ind o w  c l o s i n g  
b u t t o n s / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / /
G t k W id g e t ♦ b u t t o n p a r e n t ;
G tk W id g e t *m ain_m enu;
G tk W id g e t * c u r r e n t _ u n i t s _ l a b e l ;
G tk W id g e t * c u r r e n t _ p u t t e r _ l a b e l ;
G tk W id g e t * c u r r e n t _ l a y o u t _ l a b e l ;
G tk W id g e t * c u r r e n t _ t r i a l _ l a b e l ;
G tk W id g e t * c u r r e n t _ s p e e d _ l a b e l  ;
G tk W id g e t * c u r r e n t _ t r a j  e c t o r y _ l a b e l ;
g c h a r l a y o u t _ d i m e n s i o n s [ 5 0 ] ;
g c h a r s p e e d _ t e x t [ 5 0 ] ;
g c h a r t r a j e c t o r y _ t e x t [ 5 0 ] ;
g c h a r t r i a l _ t e x t [ 5 0 ] ;
g f l o a t s p e e d ;
g f l o a t t r a j e c t o r y ;
b u t t o n p a r e n t  = g t k _ w i d g e t _ g e t _ t o p l e v e l { G T K _ W I D G E T ( b u t t o n ) ) ;
/ / d e f i n e d  w h en  t h i s  w ind ow  w a s  c r e a t e d  
m a in_ m enu  =
g t k _ o b j e c t _ g e t _ d a t a ( G T K _ O B J E C T ( b u t t o n p a r e n t ) , " m a i n _ m e n u _ p o i n t e r " ) ;
/ / s e t s  p o i n t e r s  t o  t h e  c o r r e c t  l a b e l s  i n  t h e  w ind o w  
c u r r e n t _ u n i t s _ l a b e l  = lo o k u p _ w id g e t(G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ u n i t _ s y s t e m _ l a b e l " ) ;
c u r r e n t _ p u t t e r _ l a b e l  = lo o k u p _ w id g e t(G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ p u t t e r _ u s e d _ l a b e l " ) ;
c u r r e n t _ l a y o u t _ l a b e l  = lo o k u p _ w id g e t(G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ l a y o u t _ d i m e n s i o n s _ l a b e l " ) ;
c u r r e n t _ t r i a l _ l a b e l  = lo o k u p _ w id g e t(G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ c u r r e n t _ t r i a l _ l a b e l " ) ;
c u r r e n t _ s p e e d _ l a b e l  = lo o k u p _ w id g e t(G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ b a l l _ s p e e d _ l a b e l " ) ;
c u r r e n t _ t r a j e c t o r y _ l a b e l  = lo o k u p _ w id g e t(G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ b a l l _ t r a j e c t o r y _ l a b e l " ) ;
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/ / r e a d s  l a s t  d i g i t a l  i n f o r m a t i o n  fr o m  r e c e n t . t x t  
f = f o p e n ( R E C E N T ," r " ) ; 
i f  ( ! f ) {
g j p r i n t C r e c e n t . t x t  n o t  f o u n d \ n " ) ;
) w h i l e  ( f s c a n f ( f , "%f % f " , & s p e e d , & t r a j e c t o r y )  !=EOF);  
f c l o s e ( f ) ;
/ / r e a d s  i n  c u r r e n t  u n i t  s y s t e m  fr o m  u n i t s . c f g  
f = f o p e n ( U N I T S _ C F G ," r " ) ; 
i f ( ! f )  {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
}w h i l e  ( f s c a n f ( f , " % d " , & u n i t s )  !=E O F ); 
f c l o s e ( f ) ;
/ / r e a d s  c u r r e n t  d i m e n s i o n s  a n d  p u t t e r  u s e d  f r o m  s e n s o r . c f g  
f = f  o p e n (SENSOR_CFG, " r " ) ;  / / r e a d s
s e n s o r  c o n f i g  f o r  c a l c u l a t i o n s  
i f ( ! f )  {
p r i n t f ( " p l e a s e  c o n f i g u r e  s e n s o r s  f i r s t \ n \ n " ) ;
} w h i l e  ( f s c a n f ( f , "%f %f %d", & L 9 ,& L 1 ,& p u t t e r _ u s e d )  != E O F ); 
f c l o s e ( f ) ;
/ / r e a d s  i n  c u r r e n t  t r i a l  ( t a l l y )  f r o m  t a l l y . c f g  
f=fopen(TALLY _CFG , " r " ) ; 
i f  ( ! f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % d " , & t a l l y )  !=E O F ); 
f c l o s e ( f ) ;
/ / u p a t e  t h e  u n i t  s y s t e m  u s e d  l a b e l :
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
gt)c  l a b e l  s e t  t e x t ( G T K  L A B E L (c u r r en t  u n i t s  l a b e l ) , " I m p e r i a l
( E n g l i s h ) " ) ;
/ / m e t r i c  u n i t s  
} e l s e  i f ( u n i t s  == 2 ) {
g t ) c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ u n i t s _ l a b e l ) , " M e t r i c  
( S t a n d a r d  I n t e r n a t i o n a l ) " ) ;
}
/ / u p d a t e  t h e  c u r r e n t  p u t t e r  u s e d  l a b e l  :
/ / l o n g  s h a f t  p u t t e r  
i f ( p u t t e r _ u s e d  == 1 ) {
g t l c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , "Long S h a f t
P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  b l a c k  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 2 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " B la c k  H ead  
S t a n d a r d  P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  i n s e r t  i n  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 3) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " I n s e r t  Head  
S t a n d a r d  P u t t e r " ) ;
}
/ / u p d a t e  t h e  l a y o u t  d i m e n s i o n s  l a b e l  a c c o r d i n g  t o  t h e  c u r r e n t  u n i t
s y s t e m :
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
s p r i n t f ( l a y o u t _ d i m e n s i o n s , " % . 2 f i n  ( r a i l - r a i l ) ,  %.2 f i n  ( b a l l -  
r a i l ) " , L 9 , L D ;
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g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ l a y o u t _ l a b e l ) , l a y o u t _ d i m e n s i o n s ) ;
/ / m e t r i c  u n i t s
} e l s e  i f ( u n i t s  == 2 ) {
s p r i n t f ( l a y o u t _ d i m e n s i o n s , " % . 2 f c m  ( r a i l - r a i l ) ,  % .2fcm  ( b a l l -  
r a i l ) " , L 9 * 2 . 5 4 , L 1 * 2 . 5 4 ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ l a y o u t _ l a b e l ) , 1 a y o u t _ d i m e n s  i o n s ) ;
/ / u p d a t e  c u r r e n t  t r i a l  l a b e l :  
s p r i n t f ( t r i a l _ t e x t , " %d", t a l l y ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r i a l _ l a b e l ) , t r i a l _ t e x t ) ;
/ / u p d a t e  b a l l  s p e e d  a n d  t r a j e c t o r y  l a b e l  
i f ( t a l l y  >= 1 ) {
/ / a c c o u n t  f o r  I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
s p r i n t f ( s p e e d _ t e x t , "%.2f  i n / s e c ", s p e e d ) ; 
s p r i n t f ( t r a j e c t o r y _ t e x t , " % . 3 f  d e g r e e s " , t r a j e c t o r y ) ; 
/ / a c c o u n t  f o r  S I  u n i t s  
} e l s e  i f ( u n i t s  == 2)
s p r i n t f ( s p e e d _ t e x t , " % . 2 f  c m / s e c " , s p e e d * 2 . 5 4 ) ;  
s p r i n t f ( t r a j e c t o r y _ t e x t , " % . 3 f  d e g r e e s " , t r a j e c t o r y ) ;
e l s e {
s p r i n t f ( s p e e d _ t e x t , "— R e c o r d  T r i a l  F i r s t — " ) ;  
s p r i n t f ( t r a j e c t o r y _ t e x t , "— R e c o r d  T r i a l  F i r s t — " ) ;
/ / n o w  u p d a t e  s p e e d  a n d  t r a j e c t o r y  l a b e l s :
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E I i ( c u r r e n t _ s p e e d _ l a b e l ) , s p e e d _ t e x t ) ; 
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L i A B E L ( c u r r e n t _ t r a j e c t o r y _ l a b e l ) , t r a j e c t o r y _ t e x t ) ;
/ / p r i n t  o u t  w l ia t  c u r r e n t  s e t t i n g s  a r e  t o  t h e  t e r m i n a l  s c r e e n  
g _ p r i n t ( " u n i t  s y s t e m :  % d \ n " , u n i t s ) ; 
g _ p r i n t ( " p u t t e r  u s e d :  $ d \ n " , p u t t e r _ u s e d ) ; 
g _ p r i n t ( " d i m e n s i o n s  L9 = % .2 f ,  LI = % . 2 f \ n " , L 9 , L l ) ; 
g _ p r i n t ( " t r i a l ( t a l l y ) : % d \ n \ n " , t a l l y ) ;
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / / / /
* /
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/ / m e n u  i t e m s
/ / p o s t  p r o c e s s e s  a l l  o f  t h e  d a t a  f i l e s  
v o i d
o n j p o s t _ p r o c e s s l _ a c t i v a t e
{
(G tkM enuItem
g p o i n t e r
♦ m e n u i te m ,  
u s e r  d a t a )
G tk W id g e t  * p o s t _ p r o c _ c o m p l e t e ;
/ / r u n s  t h e  p o s t  p r o c  p r o g r a m  
s y s t e m (POST_PROCESS) ;
/ / o p e n s  c o m p l e t e  c o n f i r m a t i o n
p o s t _ p r o c _ c o m p l e t e  = c r e a t e _ p o s t _ p r o c e s s _ c o n f i r m a t i o n _ w i n d o w ( ) ; 
g t k _ w i d g e t _ s h o w ( p o s t _ p r o c _ c o m p l e t e ) ;
}
/ / s e n d s  a l l  p o s t  p r o c e s s e d  a n a l o g  a n d  d i g i t a l  f i l e s  t o  A d r i v e  
v o i d
o n _ s e n d _ t o _ f l o p p y l _ a c t i v a t e  (G tkM en uItem  * m e n u i te m ,
g p o i n t e r  u s e r _ d a t a )
G tk W id g e t  * c o p y _ c o m p l e t e ;
/ / o p e n s  c o p y  c o m p l e t e  c o n f i r m a t i o n  
c o p y _ c o m p l e t e  = c r e a t e _ c o p y _ c o m p l e t e _ w i n d o w ( ) ; 
g t k _ w i d g e t _ s h o w ( c o p y _ c o m p l e t e ) ;
/ / d e l e t e s  a l l  f i l e s  a n d  r e s e t s  t h e  t a l l y  t o  0 
v o i d
o n _ d e l e t e _ a l l l _ a c t i v a t e  (G tkM enuItem
g p o i n t e r
{
G tk W id g e t  * c o n f i r m _ t a l l y _ r e s e t ;
G tk W id g e t  *m ain_m enu;
♦ m e n u i te m ,  
u s e r  d a t a )
/ / o p e n s  d e l e t e  c o m p l e t e  c o n f i r m a t i o n  
c o n f i r m _ t a l l y _ r e s e t  = c r e a t e _ c o n f i r m _ t a l l y _ r e s e t ( ) ;
/ / p o i n t e r  t o  m a in  menu
m ain_m enu = lo o k u p _ w id g e t (G T K _ W ID G E T (m en u item ) , " M ain_M en u"); 
g t k _ o b j e c t _ s e t _ d a t a ( G T K _ O B J E C T ( c o n f i r m _ t a l l y _ r e s e t ) , " m a in _ m e n u _ p o in t e r " ,m  
a i n _ m e n u ) ;
g t k _ w i d g e t _ s h o w ( c o n f i r m _ t a l l y _ r e s e t ) ;
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/ / e x i t s  t h e  p r o g r a m  
v o i d
o n  e x i t l  a c t i v a t e
g t k _ m a i n _ q u i t ( ) ;
(G tkM enuItem
g p o i n t e r
♦ m e n u i te m ,  
u s e r  d a t a )
/ / u s e r  i n p u t s  t h e  d e s i r e d  u n i t  s y s t e m  
v o i d
o n _ u n  i  t _ s y s  t  em___ l _ a c  t  i v a t e  (G tkM enuItem
g p o i n t e r
{
G tk W id g e t  * u n i t s _ w i n d o w ;
G tk W id g e t  *m ain_m enu;
♦ m en u Item ,  
u s e r  d a t a )
u )  ;
u n i t s _ w i n d o w  = c r e a t e _ s e t _ u n i t s { ) ;
main_m enu = lo o k u p _ w id g e t (G T K _ W ID G E T (m en u item ) , "M ain_M en u");
g t k _ o b j  e c t _ s e t _ d a t a ( G T K _ O B J E C T ( u n i t s _ w i n d o w ) , " m a i n _ m e n u _ p o i n t e r " , m ain_men
g t k _ w i d g e t _ s h o w ( u n i t s _ w i n d o w ) ;
/ / u s e r  s e l e c t s  w h ic h  p u t t e r  t o  u s e  
v o i d
o n _ p u t t e r  l _ a c t i v a t e
(
(GtltM enuItem
g p o i n t e r
♦ m e n u i te m ,  
u s e r  d a t a )
G tk W id g e t  ♦ p u t t e r _ s e t t  i n g s _ w i t d o w ;
G tk W id g e t  ♦m ain_m enu;
p u t t e r _ s e t t i n g s _ w i n d o w  = c r e a t e _ p u t t e r _ s e l e c t ( ) ;
m ain_m enu = lo o k u p _ w id g e t (G T K _ W ID G E T (m en u item ) , "M ain_M enu"); 
g t k _ o b j e c t _ s e t _ d a t a ( G T K _ O B J E C T ( p u t t e r _ s e t t i n g s _ w i n d o w ) , " m a in _ m e n u _ p o in t e r  
" ,m a in _ m e n u ) ;
g t k _ w i d g e t _ s h o w ( p u t t e r _ s e t t i n g s _ w i n d o w ) ;
}
♦ m e n u item ,  
u s e r  d a t a )
/ / u s e r  i n p u t s  t h e  d i m e n s i o n s  o f  t h e  l a y o u t  u s e d  
v o i d
o n _ p u t t  i n g _ d im e n s  i o n s ____l _ a c t i v a t e  (GtltM enuItem
g p o i n t e r  
{
G tk W id g e t  ♦ d i m e n s i o n _ s e t u p _ w i n d o w ;
G tk W id g e t  ♦ m a in _ m en u;
d i m e n s i o n _ s e t u p _ w i n d o w  = c r e a t e _ d i m e n s i o n _ s e t u p ( ) ;
m ain_m enu = lo o k u p _ w id g e t (G T K _ W ID G E T (m en u item ) , " M ain_M enu"); 
g t k  o b j e c t  s e t  da ta (G T K  O B J E C T (d im en s io n  s e t u p  w i n d o w ) , "main m e n u p o i n t e r  
" , m a in _ m e n u ) ;
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g t k _ w i d g e t _ s h o w ( d i m e n s i o n _ s e t u p _ w i n d o w ) ;
}
/ / u s e r  c a l i b r a t e s  s t r a i n  g a g e s  - n o  m a in  menu r e f r e s h  n e e d e d  
v o i d
o n _ c a l i b r a t e _ s t r a i n _ g a g e s l _ a c t i v a t e  (G tkM enuItem  ‘ m e n u i t e m ,
g p o i n t e r  u s e r _ d a t a )
{
G tk W id g e t  * c a l i b r a t e _ s t r a i n _ g a g e _ w i n d o w ;
/ / o p e n s  c o p y  c o m p l e t e  c o n f i r m a t i o n
c a l i b r a t e _ s t r a i n _ g a g e _ w i n d o w  = c r e a t e _ s t r a i n _ g a g e _ w i n d o w ( ) ; 
g t k _ w i d g e t _ s h o w ( c a l i b r a t e _ s t r a i n _ g a g e _ w i n d o w ) ;
v o i d
o n _ t r o u b l e _ s h o o t l _ a c t  i v a t e  (G tkM en uItem  ‘ m e n u i t e m ,
g p o i n t e r  u s e r _ d a t a )
/ / o p e n s  t h e  d o c u m e n t a t i o n
s y s t e m ( " g n o m e - t e r m i n a l  - e ,  - -com m an d=' v i e w  / r o o t / p u t t / d o c u m e n t a t i o n
v o i d
o n _ a b o u t  l _ a c t i v a t e  (G tkM en uItem  ‘ m e n u i t e m ,
g p o i n t e r  u s e r _ d a t a )
G tk W id g e t  ‘ a b o u t ;
/ / o p e n s  c o p y  c o m p l e t e  c o n f i r m a t i o n  
a b o u t  = c r e a t e _ a b o u t _ w i n d o w ( ) ;  
g t k _ w i d g e t _ s h o w ( a b o u t ) ;
/ / b u t t o n s  ;
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v o i d
o n _ s t a r t _ r e c o r d i n g _ c l i c k e d
{
G tk W id g e t
G tk W id g e t
G tk W id g e t
g i n t
( G t k B u t t o n
g p o i n t e r
♦ b u t t o n ,  
u s e r  d a t a )
♦ d e l a y o p t i o n _ m e n u ; 
♦menu;
♦ a c t i v e _ i t e m ;  
a c t i v e  i n d e x ;
/ / r e a d s  t h e  a c t i v e  menu o p t i o n  a n d  t h e n  r e t u r n s  t h e  n u m e r i c a l  v a l u e  
d e l a y _ o p t  io n _ m e n u  = 
l o o k u p _ w id g e t ( G T K _ W I D G E T ( b u t t o n ) , " d e l a y _ o p t i o n _ m e n u " ) ;
menu = G T K _O P T IO N _M E N U (delay_option_m enu)->m enu;  
a c t i v e _ i t e m  = g t k _ m e n u _ g e t_ a c t iv e (G T K _ M E N U (m e n u ) ) ;
a c t i v e _ i n d e x  = g _ l i s t _ i n d e x ( G T K _ M E N U _ S H E L L ( m e n u ) - > c h i l d r e n , a c t i v e _ i t e m ) ;
g _ p r i n t ( " d e l a y  s e t  t o :  % i \ n " , a c t i v e _ i n d e x ) ; 
s l e e p ( a c t i v e _ i n d e x ) ;
/ / b e e p ,  r e c o r d ,  b e e p
system(COLLECT_DATA);
/ / a u t o m a t i c a l l y  r e f r e s h  t h e  i n f o r m a t i o n
o n _ m a i n _ u p d a t e _ i n f o r m a t i o n _ b u t t o n _ c l i c k e d ( / ♦ G t l c B u t t o n  ♦ ♦ / b u t t o n , / ♦  
g p o i n t e r ^ /  u s e r _ d a t a ) ;
v o i d
o n _ c u r r e n t _ s e t u p _ c l o s e _ b u t t o n _ c l i c k e d  ( G t k B u t t o n
g p o i n t e r
{
♦ b u t t o n ,  
u s e r  d a t a )
g t k _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
v o i d
o n _ u n  i  t  s _ s  e  t  u p _ o k _ b u  11 o n _ c l i c k e d
{
G tk W id g e t
G tk W id g e t
G tk W id g e t
g i n t
G tk W id g e t
♦ o p t i o n _ m e n u ;
♦menu;
♦ a c t i v e _ i t e m ;
a c t i v e _ i n d e x ;
♦ b u t t o n p a r e n t ;
( G t k B u t t o n
g p o i n t e r
♦ b u t t o n ,  
u s e r  d a t a )
G tk W id g e t  ♦m ain_m enu;
G tk W id g e t  ♦ c u r r e n t _ u n i t s _ l a b e l ;
G tk W id g e t  ♦ c u r r e n t _ p u t t e r _ l a b e l ;
G tk W id g e t  ♦ c u r r e n t _ l a y o u t _ l a b e l ;
G tk W id g e t  ♦ c u r r e n t _ t r i a l _ l a b e l ;
G tk W id g e t  ♦c u r r e n t _ s p e e d _ l a b e 1 ;
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G t k W id g e t  * c u r r e n t _ t r a j e c t o r y _ l a b e l ;
g c h a r  l a y o u t _ d i m e n s i o n s [ 5 0 ] ;
g c h a r  s p e e d _ t e x t [ 5 0 ] ;
g c h a r  t r a j e c t o r y _ t e x t [ 5 0 ] ;
g c h a r  t r i a l _ t e x t [ 5 0 ] ;
g f l o a t  s p e e d ;
g f l o a t  t r a j e c t o r y ;
/ / o p e n s  u n i t s . c f g  f o r  m o d i f i c a t i o n  
f= f o p e n ( U N I T S _ C F G ," w " ) ; 
i f ( ! f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n \ n " ) ;
}
/ / r e a d s  t h e  a c t i v e  menu o p t i o n  a n d  t h e n  r e t u r n s  t h e  n u m e r i c a l  v a l u e  
o p t i o n _ m e n u  = l o o k u p _ w i d g e t ( G T K _ W I D 6 E T ( b u t t o n ) , " u n i t s _ o p t i o n s " ) ;  
m enu = GTK_OPTION_MENU(o p t  io n _ m e n u ) - >m enu; 
a c t i v e _ i t e m  = g t k _ m e n u _ g e t _ a c t iv e ( G T K _ M E N U ( m e n u ) ) ;
a c t i v e _ i n d e x  = g _ l i s t _ i n d e x ( G T K _ M E N U _ S H E L L ( m e n u ) - > c h i l d r e n , a c t i v e _ i t e m ) ;
g j p r i n t ( " U n i t  S y s t e m  S e l e c t e d :  % i \ n " , a c t i v e _ i n d e x ) ;
/ /  w r i t e s  r e s p e c t i v e  u n i t  s y s t e m  t o  u n i t s . c f g  
i f ( a c t i v e _ i n d e x  == 0 ) {
g _ p r in t ( " I N V A L I D  SELECTION");
} e l s e { f p r i n t f ( f , " % i " , a c t i v e _ i n d e x ) ; }
f c l o s e ( f ) ;
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / /
/ / o p e n  a n d  u p d a t e  m a in  m enu- i n c l u d e  t h i s  i n  a l l  w ind o w  c l o s i n g  
b u t t o n s / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / /
b u t t o n p a r e n t  = g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ;
/ / d e f i n e d  when  t h i s  w ind o w  w as c r e a t e d  
m a in _ m en u  =
g t k _ o b j e c t _ g e t _ d a t a ( G T K _ O B J E C T ( b u t t o n p a r e n t ) , " m a i n _ m e n u _ p o i n t e r " ) ;
/ / s e t s  p o i n t e r s  t o  t h e  c o r r e c t  l a b e l s  i n  t h e  w ind o w  
c u r r e n t _ u n i  t  s _ l a b e 1 = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ u n i t _ s y s t e m _ l a b e l " ) ;
c u r r e n t _ p u t t e r _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ p u t t e r _ u s e d _ l a b e l " ) ;
c u r r e n t _ l a y o u t _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" r a a i n _ l a y o u t _ d i m e n s i o n s _ l a b e l " ) ;
c u r r e n t _ t r i a l _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ c u r r e n t _ t r i a l _ l a b e l " ) ;
c u r r e n t _ s p e e d _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ b a l l _ s p e e d _ l a b e l " ) ;
c u r r e n t _ t r a j e c t o r y _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ b a l l _ t r a j  e c t o r y _ l a b e l " ) ;
/ / r e a d s  l a s t  d i g i t a l  i n f o r m a t i o n  f r o m  r e c e n t . t x t  
f = f o p e n ( R E C E N T ," r " ) ; 
i f ( ! f ) {
g _ p r i n t C r e c e n t . t x t  n o t  f o u n d \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % f  %f" , & s p e e d , & t r a j e c t o r y )  !=EOF);
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f c l o s e ( f ) ;
/ / r e a d s  i n  c u r r e n t  u n i t  s y s t e m  fr o m  u n i t s . c f g
f = f o p e n ( U N I T S _ C F G ," r " ) ;
i f ( ! f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
) w h i l e  ( f s c a n f ( f , " % d " , & u n i t s )  !=E O F ); 
f c l o s e ( f ) ;
/ / r e a d s  c u r r e n t  d i m e n s i o n s  a n d  p u t t e r  u s e d  fr o m  s e n s o r . c f g  
f = fo p e n (S E N S O R _ C F G ," r " ) ; / / r e a d s
s e n s o r  c o n f i g  f o r  c a l c u l a t i o n s  
i f ( ! f )  {
p r i n t f ( " p l e a s e  c o n f i g u r e  s e n s o r s  f i r s t \ n \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % f  %f % d " ,& L 9 ,& L l ,& p u t t e r _ u s e d )  != E O F); 
f c l o s e  ( f ) ;
/ / r e a d s  i n  c u r r e n t  t r i a l  ( t a l l y )  fr o m  t a l l y . c f g  
f= fo p e n (T A L L Y _ C F G ," r " ) ; 
i f ( ! f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % d " , & t a l l y )  1=E 0F);  
f c l o s e ( f ) ;
/ / u p a t e  t h e  u n i t  s y s t e m  u s e d  l a b e l :
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ u n i t s _ l a b e l ) , " I m p e r i a l
( E n g l i s h ) " ) ;
/ / m e t r i c  u n i t s  
} e l s e  i f ( u n i t s  == 2 ) {
g t l c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ u n i t s _ l a b e l ) , " M e t r i c  
( S t a n d a r d  I n t e r n a t i o n a l ) " ) ;
}
/ / u p d a t e  t h e  c u r r e n t  p u t t e r  u s e d  l a b e l :
/ / l o n g  s h a f t  p u t t e r  
i f ( p u t t e r _ u s e d  == 1 ) (
g t J c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , "Long S h a f t
P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  b l a c l t  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 2 ) {
g t l c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , "B lac ic  Head  
S t a n d a r d  P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  i n s e r t  i n  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 3 ) {
g t ) c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " I n s e r t  Head  
S t a n d a r d  P u t t e r " ) ;
}
/ / u p d a t e  t h e  l a y o u t  d i m e n s i o n s  l a b e l  a c c o r d i n g  t o  t h e  c u r r e n t  u n i t
s y s t e m :
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
s p r i n t f ( l a y o u t _ d i m e n s i o n s , " % . 2 f i n  ( r a i l - r a i l ) ,  % . 2 f i n  ( b a l l -  
r a i l ) " , L 9 , L 1 ) ;
g t ) î  l a b e l  s e t  t e x t ( G T K  L A B E L (c u r r en t  l a y o u t  l a b e l ) , l a y o u t  d i m e n s i o n s ) ;
/ / m e t r i c  u n i t s
} e l s e  i f ( u n i t s  == 2 ) (
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s p r i n t f ( l a y o u t _ d i m e n s i o n s , " % . 2 f c m  ( r a i l - r a i l ) ,  % .2fcm  ( b a l l -  
r a i l ) " , L 9 * 2 . 5 4 , L 1 * 2 . 5 4 ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ l a y o u t _ l a b e l ) , l a y o u t _ d i m e n s i o n s ) ;
/ / u p d a t e  c u r r e n t  t r i a l  l a b e l :  
s p r i n t f ( t r i a l _ t e x t , " %d", t a l l y ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r i a l _ l a b e l ) , t r i a l _ t e x t ) ;
/ / u p d a t e  b a l l  s p e e d  a n d  t r a j e c t o r y  l a b e l  
i f ( t a l l y  >= 1 ) {
/ / a c c o u n t  f o r  I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
s p r i n t f ( s p e e d _ t e x t , " % . 2 f  i n / s e c " , s p e e d ) ; 
s p r i n t f ( t r a j e c t o r y _ t e x t , "% .3f d e g r e e s " , t r a j e c t o r y ) ; 
/ / a c c o u n t  f o r  S I  u n i t s  
} e l s e  i f ( u n i t s  == 2)
s p r i n t f ( s p e e d _ t e x t , " % . 2 f  c m / s e c " , s p e e d * 2 . 5 4 ) ;  
s p r i n t f ( t r a j e c t o r y _ t e x t , "% .3f d e g r e e s " , t r a j e c t o r y ) ;
e l s e {
s p r i n t f ( s p e e d _ t e x t , "— R e c o r d  T r i a l  F i r s t — " ) ;  
s p r i n t f ( t r a j e c t o r y _ t e x t , "— R e c o r d  T r i a l  F i r s t — " ) ;
/ / n o w  u p d a t e  s p e e d  a n d  t r a j e c t o r y  l a b e l s :
g t k _ l a b e l _ s e t _ t e x t ( G T K _ I A B E L ( c u r r e n t _ s p e e d _ l a b e l ) , s p e e d _ t e x t ) ; 
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r a j e c t o r y _ l a b e l ) , t r a j e c t o r y _ t e x t ) ;
/ / p r i n t  o u t  w h a t  c u r r e n t  s e t t i n g s  a r e  t o  t h e  t e r m i n a l  s c r e e n  
g _ p r i n t ( " u n i t  s y s t e m :  % d\n", u n i t s ) ;  
g _ p r i n t ( " p u t t e r  u s e d :  % d \ n " , p u t t e r _ u s e d ) ; 
g j p r i n t ( " d i m e n s i o n s  L9 = % .2 f ,  LI = % . 2 f \ n " , L 9 , L l ) ; 
g _ p r i n t ( " t r i a l ( t a l l y ) : % d \n \n " , t a l l y ) ;
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / / / /
/ / c l o s e  w ind ow
g t k _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
v o i d
o n _ p u t t e r _ s e l e c t i o n _ o k _ b u t t o n _ c l i c k e d  ( G t k B u t t o n  *b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
G tk W id g e t  * o p t i o n _ m e n u ;
G tk W id g e t  *menu;
G tk W id g e t  * a c t i v e _ i t e m ;
g i n t  a c t i v e _ i n d e x ;
G tk W id g e t  ‘ b u t t o n p a r e n t ;
G tk W id g e t  *m ain_m enu;
G tk W id g e t  * c u r r e n t _ u n i t s _ l a b e l ;
G tk W id g e t  * c u r r e n t _ p u t t e r _ l a b e l ;
G tk W id g e t  * c u r r e n t _ l a y o u t _ l a b e l ;
G tk W id g e t  * c u r r e n t _ t r i a l _ l a b e l ;
G tk W id g e t  * c u r r e n t _ s p e e d _ l a b e l ;
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G tk W id g e t * c u r r e n t _ t r a j  e c t o r y _ l a b e l ;
g c h a r l a y o u t _ d i m e n s i o n s [ 5 0 ] ;
g c h a r s p e e d _ t e x t [ 5 0 ] ;
g c h a r t r a j e c t o r y _ t e x t  [ 5 0 ] ;
g c h a r t r i a l _ t e x t [ 5 0 ] ;
g f l o a t s p e e d ;
g f l o a t t r a j e c t o r y ;
/ / o p e n s  s e n s o r . c f g  a n d  s t o r e s  o r i g i n a l  d i m e n s i o n s
f = fo p en (S E N S O R _ C F G ," w " );
i f ( ! f ) {
g _ p r i n t ( " s e n s o r . c f g  n o t  f o u n d \ n \ n " ) ;
}w h i l e  ( f s c a n f ( f , "%f %f %d", & L 9 ,& L 1 ,& p u t t e r _ u s e d )  != E O F); 
f c l o s e ( f ) ;
/ / o p e n s  s e n s o r . c f g  f o r  m o d i f i c a t i o n
f= fo p en (S E N S O R  CFG,"w") ;
i f ( ! f ) {
g _ p r i n t ( " s e n s o r . c f g  n o t  f o u n d \ n \ n " ) ;
}
/ / r e a d s  t h e  a c t i v e  menu o p t i o n  a n d  t h e n  r e t u r n s  t h e  n u m e r i c a l  v a l u e  
o p t i o n _ m e n u  = l o o k u p _ w id g e t ( G T K _ W I D G E T ( b u t t o n ) , " p u t t e r _ o p t i o n _ m e n u " ) ; 
menu = GTK_OPTION_MENU(option_menu)->menu;  
a c t i v e _ i t e m  = g tk _ m e n u _ g e t_ a c t iv e (G T K _ M E N U (m e n u ) ) ;
a c t i v e _ i n d e x  = g _ l i s t _ i n d e x ( G T K _ M E N U _ S H E L L ( m e n u ) - > c h i l d r e n , a c t i v e _ i t e m ) ;
g _ p r i n t ( " P u t t e r  s e l e c t e d :  % i \ n " , a c t i v e _ i n d e x ) ;
/ /  w r i t e s  r e s p e c t i v e  p u t t e r  c h o i c e  t o  s e n s o r . c f g  
i f ( a c t i v e _ i n d e x  == 0) {
g _ p r in t ( " I N V A L I D  SELECTION") ;
}e l s e { f p r i n t f ( f ," % .2 f  % .2 f  % i " , L 9 , L l , a c t i v e _ i n d e x ) ; }
f c l o s e ( f ) ;
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / r e f r e s h i n g  m a in  menu l a b e l s
b u t t o n p a r e n t  = g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ;
/ / d e f i n e d  when t h i s  w ind ow  w a s  c r e a t e d  
m ain_m enu =
g t k _ o b j e c t _ g e t _ d a t a ( G T K _ O B J E C T ( b u t t o n p a r e n t ) , " m a i n _ m e n u _ p o i n t e r " ) ;
/ / s e t s  p o i n t e r s  t o  t h e  c o r r e c t  l a b e l s  i n  t h e  w ind ow  
c u r r e n t _ u n i t s _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ u n i t _ s y s t e m _ l a b e l " ) ;
c u r r e n t _ p u t t e r _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ p u t t e r _ u s e d _ l a b e l " ) ;
c u r r e n t _ l a y o u t _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ l a y o u t _ d i m e n s i o n s _ l a b e l " ) ;
c u r r e n t _ t r i a l _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ c u r r e n t _ t r i a l _ l a b e l " ) ;
c u r r e n t _ s p e e d _ l a b e l  = lo o ku p_ v ; idg e t(G T K _ W ID G E T (m a in_ m enu ) , 
" m a i n _ b a l l _ s p e e d _ l a b e l " ) ;
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c u r r e n t _ t r a j e c t o r y _ l a b e l  = look u p _ w id g e t(G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ b a l l _ t r a j e c t o r y _ l a b e l " ) ;
/ / r e a d s  l a s t  d i g i t a l  i n f o r m a t i o n  f r o m  r e c e n t . t x t  
f = f o p e n ( R E C E N T ," r " ) ;
i f ( ! f ) {
g _ p r i n t ( " r e c e n t . t x t  n o t  f o u n d \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % f  %f" , & s p e e d , & t r a j e c t o r y )  !=EOF);  
f c l o s e ( f ) ;
/ / r e a d s  i n  c u r r e n t  u n i t  s y s t e m  fr o m  u n i t s . c f g
f = f o p e n ( U N I T S _ C F G ," r " ) ;
i f ( ! f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
}w h i l e  ( f s c a n f  ( f ,  "%d", S cu n its )  !=EOF) ; 
f c l o s e ( f ) ;
/ / r e a d s  c u r r e n t  d i m e n s i o n s  a n d  p u t t e r  u s e d  fr o m  s e n s o r . c f g  
f= fo p en (S E N S O R _ C F G ," r" ) ;  / / r e a d s
s e n s o r  c o n f i g  f o r  c a l c u l a t i o n s  
i f ( ! f ) {
p r i n t f ( " p l e a s e  c o n f i g u r e  s e n s o r s  f i r s t \ n \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % f  %f % d " ,& L 9 ,& L l ,& p u t te r _ u s e d )  != E O F ); 
f c l o s e ( f ) ;
/ / r e a d s  i n  c u r r e n t  t r i a l  ( t a l l y )  fr o m  t a l l y . c f g  
f= fo p e n (T A L L Y _ C F G ," r " ) ; 
i f ( ! f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
}w h i l e  ( f s c a n f ( f , " % d " , & t a l l y )  !=EOF);  
f c l o s e ( f ) ;
/ / u p a t e  t h e  u n i t  s y s t e m  u s e d  l a b e l :
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ I A B E L (c u r r e n t _ u n i t s _ l a b e l ) , " I m p e r i a l
( E n g l i s h ) " ) ;
/ / m e t r i c  u n i t s  
} e l s e  i f ( u n i t s  == 2 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ u n i t s _ l a b e l ) , " M e t r i c  
( S t a n d a r d  I n t e r n a t i o n a l ) " ) ;
)
/ / u p d a t e  t h e  c u r r e n t  p u t t e r  u s e d  l a b e l :
/ / l o n g  s h a f t  p u t t e r  
i f ( p u t t e r _ u s e d  == l ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , "Long S h a f t
P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  b l a c k  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 2 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " B la c k  Head  
S t a n d a r d  P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  i n s e r t  i n  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 3 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " I n s e r t  Head  
S t a n d a r d  P u t t e r " ) ;
}
/ / u p d a t e  t h e  l a y o u t  d i m e n s i o n s  l a b e l  a c c o r d i n g  t o  t h e  c u r r e n t  u n i t
s y s t e m :
/ / I m p e r i a l  u n i t s
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i f ( u n i t s  == 1 ) {
s p r i n t f ( l a y o u t _ d i m e n s i o n s , " % . 2 f i n  ( r a i l - r a i l ) ,  % . 2 f i n  ( b a l l -  
r a i l ) " , L 9 , L 1 ) ;
g t k  l a b e l  s e t  t e x t ( G T K  L A B E L (c u r r en t  l a y o u t  l a b e l ) , l a y o u t  d i m e n s i o n s ) ;
/ / m e t r i c  u n i t s
} e l s e  i f ( u n i t s  == 2 ) {
s p r i n t f ( l a y o u t _ d i m e n s i o n s , " % . 2 f c m  ( r a i l - r a i l ) ,  % .2fcm  ( b a l l -  
r a i l ) " , L 9 * 2 . 5 4 , L 1 * 2 . 5 4 ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ l a y o u t _ l a b e l ) , l a y o u t _ d i m e n s i o n s ) ;
/ / u p d a t e  c u r r e n t  t r i a l  l a b e l :  
s p r i n t f ( t r i a l _ t e x t , " % d " , t a l l y ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r i a l _ l a b e l ) , t r i a l _ t e x t ) ;
/ / u p d a t e  b a l l  s p e e d  a n d  t r a j e c t o r y  l a b e l  
i f ( t a l l y  >= 1 ) {
/ / a c c o u n t  f o r  I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
s p r i n t f ( s p e e d _ t e x t , "%.2f  i n / s e c " , s p e e d ) ; 
s p r i n t f ( t r a j e c t o r y _ t e x t , "%.3f  d e g r e e s " , t r a j e c t o r y ) ; 
/ / a c c o u n t  f o r  S I  u n i t s  
} e l s e  i f ( u n i t s  == 2)
s p r i n t f ( s p e e d _ t e x t , " % . 2 f  c m / s e c " , s p e e d * 2 . 5 4 ) ;  
s p r i n t f ( t r a j e c t o r y _ t e x t ,  "% .3f d e g r e e s " , t r a j e c t o r y ) ;
e l s e {
}
s p r i n t f ( s p e e d _ t e x t , " — R e c o r d  T r i a l  F i r s t — " ) ;  
s p r i n t f ( t r a j e c t o r y _ t e x t , "— R e c o r d  T r i a l  F i r s t — " ) ;
/ / n o w  u p d a t e  s p e e d  a n d  t r a j e c t o r y  l a b e l s :
g t k _ l a b e l _ s e t _ t  e x t ( G T K _ L A B E L ( c u r r e n t _ s p e e d _ l a b e l ) , s p e e d _ t e x t ) ; 
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r a j e c t o r y _ l a b e l ) , t r a j e c t o r y _ t e x t ) ;
/ / p r i n t  o u t  w h a t  c u r r e n t  s e t t i n g s  a r e  t o  t h e  t e r m i n a l  s c r e e n  
g _ p r i n t ( " u n i t  s y s t e m :  % d\n", u n i t s ) ; 
g _ p r i n t ( " p u t t e r  u s e d :  % d \ n " , p u t t e r _ u s e d ) ; 
g _ p r i n t ( " d i m e n s i o n s  L9 = % .2 f ,  LI = % . 2 f \ n " , L 9 , L 1 ) ; 
g _ p r i n t (" t r i a l ( t a l l y ) : % d \n \n " , t a l l y ) ;
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / / / /
/ / c l o s e s  t h e  c h i l d  w indow:
g t k _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
/ *  when t h e  l a y o u t  OK b u t t o n  i s  p r e s s e d ,  t h e  s e n s o r . c f g  f i l e  i s  r e a d  t o  
m a i n t a i n  t h e  p u t t e r  c h o i c e ,  a n d  t h e n  i s  u p d a t e d  w i t h  t h e  d a t a  e n t e r e d  i n t o  t h e  
e n t r y  b l a n k s .  The l a b e l s  a r e  t h e n  a l s o  u p d a t e d  t o  r e f l e c t  t h e  c h a n g e s * /
v o i d
o n _ l a y o u t _ o k _ b u t t o n _ c l i c k e d
{
( G t k B u t t o n
g p o i n t e r
♦ b u t t o n ,  
u s e r  d a t a )
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G tk W id g e t  * l a b e l _ r a i l
G tk W id g e t  * l a b e l _ b a l l
G tk W id g e t  * e n t r y _ r a i l
G tk W id g e t  * e n t r y _ b a l l ;
g c h a r  w i d g e t _ t o _ c h a r _ r a i l [5 0 ]  ;
g c h a r  w i d g e t _ t o _ c h a r _ b a l l [5 0 ]  ;
f =f  o p e n (SENSOR_CFG, " r " ) ;  / / r e a d s
s e n s o r  c o n f i g  f o r  c a l c u l a t i o n s  
i f ( ! f ) {
p r i n t f ( " p l e a s e  c o n f i g u r e  s e n s o r s  f i r s t \ n \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % f  %f %d", S é L 9 ,& L 1 ,& p u tter _ u sed )  != E O F ); 
f c l o s e ( f ) ;
/ / p o i n t e r  t o  t h e  s t o r e d  t e x t  
l a b e l _ r a i l  = l o o k u p _ w id g e t ( G T K _ W I D G E T ( b u t t o n ) , 
" c u r r e n t _ d i s t a n c e _ b e t w e e n _ r a i l s _ e n t r y " ) ;
l a b e l _ b a l l  = l o o k u p _ w id g e t ( G T K _ W I D G E T ( b u tt o n ) , 
" d i s t a n c e _ b e t w e e n _ b a l l _ r a i l s _ e n t r y " ) ;
/ / p o i n t e r  t o  t h e  v a l u e s  t h e  u s e r  e n t e r s  i n  t h e  b l a n k
e n t r y _ r a i l  = l o o k u p _ w id g e t ( G T K _ W I D G E T ( b u tt o n ) , " r a i l _ d i s t a n c e _ b l a n k " ) ;
e n t r y _ b a l l  = l o o k u p _ w id g e t ( G T K _ W I D G E T ( b u t t o n ) ,
" r a i l _ b a l l _ d i s t a n c e _ b l a n k " ) ;
/ / c o p i e s  w h a t  t h e  u s e r  e n t e r s  i n  t h e  b l a n k  t o  v a r i a b l e s  
s t r c p y ( w i d g e t _ t o _ c h a r _ r a i l , g t k _ e n t r y _ g e t _ t e x t ( G T K _ E N T R Y ( e n t r y _ r a i l ) ) ) ;  
s t r c p y ( w i d g e t _ t o _ c h a r _ b a l l , g t k _ e n t r y _ g e t _ t e x t ( G T K _ E N T R Y ( e n t r y _ b a l l ) ) ) ;
/ / c o n v e r t  s t r i n g  t o  f l o a t
L9 = a t o f ( w i d g e t _ t o _ c h a r _ r a i l ) ;
LI = a t o f ( w i d g e t _ t o _ c h a r _ b a l l ) ;
/ / s e t  t h e  s t o r e d  v a l u e s  t o  t h e  sam e a s  w h a t  t h e  u s e r  e n t e r e d  
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( l a b e l _ r a i l ) , g t k _ e n t r y _ g e t _ t e x t ( G T K _ E N T R Y ( e n t  
r y _ r a i l ) ) ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( l a b e l _ b a l l ) , g t k _ e n t r y _ g e t _ t e x t ( G T K _ E N T R Y ( e n t  
r y _ b a l l ) ) ) ;
/ / w r i t e  t h e  v a r i a b l e s  a n d  t h e  o r i g i n a l  p u t t e r  c h o i c e  t o  f i l e
f = f o p e n ( U N I T S _ C F G ," r " ) ;
i f ( ! f ) {
p r i n t f ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
) w h i l e  ( f s c a n f  ( f ,  "%d", S cu n its )  !=EOF) ; 
f c l o s e ( f ) ;
f= fo p en (S E N S O R _ C F G ," w " ); 
i f ( I f ) {
p r i n t f ( " p l e a s e  c o n f i g u r e  s e n s o r s  f i r s t \ n \ n " ) ;
}
/ / i f  t h e  u n i t s  a r e  I m p e r i a l ,  t h e n  s a v e  
i f ( u n i t s  == 1 ) {
f p r i n t f ( f , " % . 3 f  % .3 f  % d \ n " , L 9 , L l , p u t t e r _ u s e d ) ;
/ / i f  t h e  u n i t s  a r e  i n  m e t r i c ,  t h e n  c o n v e r t  t o  i n c h e s  and  s a v e  
} e l s e  i f ( u n i t s  == 2 ) {
f p r i n t f ( f , " % . 3 f  % .3 f  % d \ n " , ( L 9 / 2 . 5 4 ) , ( L l / 2 . 5 4 ) , p u t t e r _ u s e d ) ;
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}
f c l o s e ( f ) ;
v o i d
o n _ l a y o u t _ c a n c e l _ b u t t o n _ c l i c k e d  ( G t k B u t t o n  * b u t t o n .
{
g p o i n t e r  u s e r _ d a t a )
G tk W id g e t ♦ b u t t o n p a r e n t ;
G tk W id g e t * m a in _ m e n u ;
G tk W id g e t * c u r r e n t _ u n i t s _ l a b e l ;
G tk W id g e t * c u r r e n t _ p u t t e r _ l a b e l ;
G tk W id g e t * c u r r e n t _ l a y o u t _ l a b e 1 ;
G tk W id g e t * c u r r e n t _ t r i a l _ l a b e l ;
G tk W id g e t * c u r r e n t _ s p e e d _ l a b e l ;
G tk W id g e t * c u r r e n t _ t r a j e c t o r y _ l a b e l ;
g c h a r l a y o u t _ d i m e n s i o n s [ 5 0 ] ;
g c h a r s p e e d _ t e x t [ 5 0 ] ;
g c h a r t r a j e c t o r y _ t e x t [ 5 0 ] ;
g c h a r t r i a l _ t e x t [ 5 0 ] ;
g f l o a t s p e e d ;
g f l o a t t r a j e c t o r y ;
/ / u p d a t e s  a i l  m a in  menu l a b e l s
b u t t o n p a r e n t  = g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ;
/ / d e f i n e d  w h en  t h i s  w in d o w  w as  c r e a t e d  
m ain_m enu =
g t k _ o b j e c t _ g e t _ d a t a ( G T K _ O B J E C T ( b u t t o n p a r e n t ) , " m a i n _ m e n u _ p o i n t e r " ) ;
/ / s e t s  p o i n t e r s  t o  t h e  c o r r e c t  l a b e l s  i n  t h e  w in d o w  
c u r r e n t _ u n i t s _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ u n i t _ s y s t e m _ l a b e l " ) ;
c u r r e n t _ p u t t e r _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ p u t t e r _ u s e d _ l a b e l " ) ;
c u r r e n t _ l a y o u t _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ l a y o u t _ d i m e n s i o n s _ l a b e l " ) ;
c u r r e n t _ t r i a l _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ c u r r e n t _ t r i a l _ l a b e l " ) ;
c u r r e n t _ s p e e d _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ b a l l _ s p e e d _ l a b e l " ) ;
c u r r e n t _ t r a j e c t o r y _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ ra en u ) , 
" m a i n _ b a l l _ t r a j e c t o r y _ l a b e l " ) ;
/ / r e a d s  l a s t  d i g i t a l  i n f o r m a t i o n  f r o m  r e c e n t . t x t  
f = f o p e n ( R E C E N T ," r " ) ; 
i f  ( ! f ) {
g _ p r i n t C r e c e n t . t x t  n o t  f o u n d \ n " )  ;
} w h i l e  ( f s c a n f ( f , " % f  %f" , & s p e e d , & t r a j e c t o r y )  != E O F ); 
f c l o s e ( f ) ;
/ / r e a d s  i n  c u r r e n t  u n i t  s y s t e m  fr o m  u n i t s . c f g  
f = fo pen(U N IT S _ C F G , " r " ) ; 
i f  ( ! f ) (
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
} w h i l e  ( f s c a n f ( f , "%d", & u n i t s )  !=EO F);  
f c l o s e ( f ) ;
/ / r e a d s  c u r r e n t  d i m e n s i o n s  a n d  p u t t e r  u s e d  f r o m  s e n s o r . c f g
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f= fo p en (SE N SO R _ C F G ," r " ) ;  / / r e a d s
s e n s o r  c o n f i g  f o r  c a l c u l a t i o n s  
i f ( ! f ) {
p r i n t f ( " p l e a s e  c o n f i g u r e  s e n s o r s  f i r s t \ n \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % f  %f %d", & L 9 ,& L 1 ,& p u t t e r _ u s e d )  != E O F ); 
f c l o s e ( f ) ;
/ / r e a d s  i n  c u r r e n t  t r i a l  ( t a l l y )  f r o m  t a l l y . c f g
f = fo p e n (T A L L Y _ C F G ," r " ) ;
i f ( ! f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
)w h i l e  ( f s c a n f ( f , " % d " , s t a l l y )  !=EOF);  
f c l o s e ( f ) ;
/ / u p a t e  t h e  u n i t  s y s t e m  u s e d  l a b e l :
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
g t k  l a b e l  s e t  t e x t ( G T K  L A B E L (c u r r en t  u n i t s  l a b e l ) , " I m p e r i a l
( E n g l i s h ) " ) ;
/ / m e t r i c  u n i t s  
} e l s e  i f ( u n i t s  == 2 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ u n i t s _ l a b e l ) , " M e t r i c  
( S t a n d a r d  I n t e r n a t i o n a l ) " ) ;
}
/ / u p d a t e  t h e  c u r r e n t  p u t t e r  u s e d  l a b e l :
/ / l o n g  s h a f t  p u t t e r  
i f ( p u t t e r _ u s e d  == 1 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , "Long S h a f t
P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  b l a c k  h e a d  
j e l s e  i f ( p u t t e r _ u s e d  == 2 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " B la c k  Head  
S t a n d a r d  P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  i n s e r t  i n  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 3 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " I n s e r t  H ead  
S t a n d a r d  P u t t e r " ) ;
/ / u p d a t e  t h e  l a y o u t  d i m e n s i o n s  l a b e l  a c c o r d i n g  t o  t h e  c u r r e n t  u n i t
s y s t e m :
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) (
s p r i n t f ( l a y o u t _ d i m e n s i o n s , "%.2f i n  ( r a i l - r a i l ) ,  % . 2 f i n  ( b a l l -  
r a i l )  " , L 9 , L D  ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ l a y o u t _ l a b e l ) , l a y o u t _ d i m e n s i o n s ) ;
/ / m e t r i c  u n i t s
} e l s e  i f ( u n i t s  == 2 ) {
s p r i n t f ( l a y o u t _ d i m e n s i o n s , "%.2fcm  ( r a i l - r a i l ) ,  % .2fcm  ( b a l l -  
r a i l ) " , L 9 * 2 . 5 4 , L 1 * 2 . 5 4 ) ;
g t k _ l a b e l _ s e t _ t e x t (GTK_LABEL(c u r r e n t _ l a y o u t _ l a b e l ) , l a y o u t _ d i m e n s i o n s ) ;
/ / u p d a t e  c u r r e n t  t r i a l  l a b e l  : 
s p r i n t f ( t r i a l _ t e x t , " % d " , t a l l y ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r i a l _ l a b e l ) , t r i a l _ t e x t ) ;
/ / u p d a t e  b a l l  s p e e d  a n d  t r a j e c t o r y  l a b e l
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i f ( t a l l y  >= 1 ) {
/ / a c c o u n t  f o r  I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
s p r i n t f ( s p e e d _ t e x t , " % . 2 f  i n / s e c ", s p e e d )  ; 
s p r i n t f ( t r a j e c t o r y _ t e x t , "%.3f  d e g r e e s " . t r a j e c t o r y ) ; 
/ / a c c o u n t  f o r  S I  u n i t s  
} e l s e  i f ( u n i t s  == 2)
s p r i n t f ( s p e e d _ t e x t , " % . 2 f  c m / s e c " , s p e e d * 2 . 5 4 ) ;  
s p r i n t f ( t r a j e c t o r y _ t e x t , "%.3f  d e g r e e s " , t r a j e c t o r y ) ;
}
e l s e {
s p r i n t f ( s p e e d _ t e x t , "— R e c o r d  T r i a l  F i r s t — " ) ;  
s p r i n t f ( t r a j e c t o r y _ t e x t , "— R e c o r d  T r i a l  F i r s t — " ) ;
}
/ / n o w  u p d a t e  s p e e d  a n d  t r a j e c t o r y  l a b e l s :
g t ) c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ s p e e d _ l a b e l ) , s p e e d _ t e x t ) ; 
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r a j  e c t o r y _ l a b e l ) , t r a j  e c t o r y _ t e x t ) ;
/ / p r i n t  o u t  w h a t  c u r r e n t  s e t t i n g s  a r e  t o  t h e  t e r m i n a l  s c r e e n
g _ p r i n t ( " u n i t  s y s t e m :  % d \ n " . u n i t s ) ;
g _ p r i n t ( " p u t t e r  u s e d :  % d \ n " . p u t t e r _ u s e d ) ;
g _ p r i n t ( " d i m e n s i o n s  L9 = % .2 f .  L I  = % . 2 f \ n " . L 9 . L l ) ;
g _ p r i n t ( " t r i a l ( t a l l y ) : % d \n \n " . t a l l y ) ;
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / / / /
/ / c l o s e s  c h i l d  w indow
g t k _ w i d g e t _ d e s t r o y ( g t l c _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
/♦ w h e n  t h e  r e f r e s h  b u t t o n  i s  p r e s s e d ,  t h e  i n f o r m a t i o n  f r o m  t h e  s e n s o r . c f g  f i l e
i s  r e a d  a n d  d i s p l a y e d  a c c o r d i n g  t o  t h e  u n i t s . c f g  f i l e . * /
v o i d
o n _ l a y o u t _ r e f r e s h _ b u t t o n _ c l i c k e d  ( G t k B u t t o n  *b u t t o n .
g p o i n t e r  u s e r _ d a t a )
(
G tk W id g e t  * l a b e l _ c u r r e n t _ u n i t s _ r a i l ;
G tk W id g e t  * l a b e l _ c u r r e n t _ u n i t s _ b a l l ;
G tk W id g e t  * l a b e l _ r a i l ;
G tk W id g e t  * l a b e l _ b a l l ;
g c h a r  e n t r y _ r a i l [ 2 0 ] ;
g c h a r  e n t r y _ b a l l [ 2 0 ] ;
l a b e l _ r a i l  = l o o k u p _ w id g e t (G T K _ W I D G E T (b u tto n ) . 
" c u r r e n t _ d i s t a n c e _ b e t w e e n _ r a i l s _ e n t r y " ) ;
l a b e l _ b a l l  = lo o k u p _ w id g e t ( G T K _ W I D G E T ( b u tt o n ) . 
" d i s t a n c e _ b e t w e e n _ b a l l _ r a i l s _ e n t r y " ) ;
l a b e l _ c u r r e n t _ u n i t s _ r a i l  = l o o k u p _ w id g e t ( G T K _ W I D G E T ( b u t t o n ) .
" u n i  t  s _ r a  i  l _ r a i l  " ) .-
l a b e l _ c u r r e n t _ u n i t s _ b a l l  = l o o k u p _ w id g e t ( G T K _ W I D G E T ( b u t t o n ) .
" u n i t s  b a l l  r a i l " ) ;
f = f o p e n ( U N I T S _ C F G ," r " ) ; 
i f ( ! f ) {
p r i n t f ( " u n i t s . c f g  n o t  f o u n d \ n " ) ; 
/ /  r e t u r n  1 ;
151
}w h i l e  ( f s c a n f ( f , "%d", & u n i t s )  !=E O F ); 
f c l o s e ( f ) ;
f= fo p en (S E N S O R _ C F G ," r " ) ;  / / r e a d s
s e n s o r  c o n f i g  f o r  c a l c u l a t i o n s  
i f ( ! f )  {
p r i n t f ( " p l e a s e  c o n f i g u r e  s e n s o r s  f i r s t \ n \ n " ) ;
/ /  r e t u r n  1 ;
} w h i l e  ( f s c a n f ( f , " % f  %f % d " ,& L 9 ,& L l ,& p u t t e r _ u s e d )  != E O F ); 
f c l o s e ( f ) ;
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( l a b e l _ c u r r e n t _ u n i t s _ r a i l ) , " i n c h e s " ) ; 
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( l a b e l _ c u r r e n t _ u n i t s _ b a l l ) , " i n c h e s " ) ;
s p r i n t f ( e n t r y _ b a l l , " % . 2 f " , L 1 ) ; 
s p r i n t f ( e n t r y _ r a i l , " % . 2 f " , L 9 ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E I i ( l a b e l _ r a i l ) , e n t r y _ r a i l ) ; 
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( l a b e l _ b a l l ) , e n t r y _ b a l l ) ;
/ / m e t r i c  u n i t s  
} e l s e  i f ( u n i t s  == 2 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( l a b e l _ c u r r e n t _ u n i t s _ r a i l ) , " c e n t i m e t e r s " ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( l a b e l _ c u r r e n t _ u n i t s _ b a l l ) , " c e n t i m e t e r s " ) ;
s p r i n t f ( e n t r y _ b a l l , " % . 2 f " , L I  * 2 . 5 4 ) ;  
s p r i n t f ( e n t r y _ r a i l , " % . 2 f " , L 9  * 2 . 5 4 ) ;
}
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( l a b e l _ r a i l ) , e n t r y _ r a i l ) ; 
g  t k _ l a b e l _ s e t _ t e x t (GTK_liABEL( l a b e l _ b a 1 1 ) , e n t  r y _ b a 1 1 ) ;
v o i d
o n _ m a i n _ u n i t _ s y s t e m _ b u t t o n _ c l i c k e d  ( G t k B u t t o n  *b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
G tk W id g e t  * c u r r e n t _ u n i t s _ w i n d o w ;
G tk W id g e t  *m ain_m enu;
c u r r e n t _ u n i t s _ w i n d o w  = c r e a t e _ s e t _ u n i t s ( ) ;  
m ain_m enu = lo o k u p _ w id g e t (G T K _ W I D G E T (b u tto n ) , " M ain_M en u"); 
g t k _ o b j  e c t _ s e t _ d a t a ( G T K _ O B J E C T ( c u r r e n t _ u n i t s _ w i n d o w ) , " m a i n _ m e n u _ p o i n t e r ", 
m a in _ m e n u ) ;
g t k _ w i d g e t _ s h o w ( c u r r e n t _ u n i t s _ w i n d o w ) ;
}
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v o i d
o n _ m a i n _ p u t t e r _ u s e d _ b u t t o n _ c l i c k e d  ( G t k B u t t o n  *b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
G tk W id g e t  * p u t t e r _ s e t t i n g s _ w i n d o w ;
G tk W id g e t  *m ain_m enu;
p u t t e r _ s e t t i n g s _ w i n d o w  = c r e a t e _ p u t t e r _ s e l e c t 0  ; 
m ain_m enu = looku p_w idge t(G T K __W ID G E T (bu tton ) , " M ain_M en u" ); 
g t k _ o b j e c t _ s e t _ d a t a ( G T K _ O B J E C T ( p u t t e r _ s e t t i n g s _ w i n d o w ) , " m a in _ m e n u _ p o in t e r  
" ,m a i n _ m e n u ) ;
g t k _ w i d g e t _ s h o w ( p u t t e r _ s e t t i n g s _ w i n d o w ) ;
}
v o i d
o n _ m a i n _ c u r r e n t _ t r i a l _ b u t t o n _ c l i c k e d  ( G t k B u t t o n  * b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
G tk W id g e t  * d e l e t e _ t r i a l s ;
G tk W id g e t  *m ain_m enu;
/ / o p e n s  d e l e t e  c o n f i r m a t i o n  prom pt  
d e l e t e _ t r i a l s  = c r e a t e _ c o n f i r m _ t a l l y _ r e s e t ( ) ;  
m ain_m enu = lo o k u p _ w id g e t (G T K _ W I D G E T (b u tto n ) , " M ain_M en u"); 
g t k _ o b j e c t _ s e t _ d a t a ( G T K _ O B J E C T ( d e l e t e _ t r i a l s ) , " m a in _ m e n u _ p o in t e r " ,m a in _ m e
nu)
g t k _ w i d g e t _ s h o w ( d e l e t e _ t r i a l s ) ;
v o i d
o n _ m a i n _ l a y o u t _ d i m e n s i o n s _ b u t t o n _ c l i c k e d
(G t k B u t t o n  ‘ b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
{
G tk W id g e t  * d i m e n s i o n _ s e t u p _ w in d o w ;  
G tk W id g e t  *m ain_m enu;
/ / o p e n s  d e l e t e  c o n f i r m a t i o n  prom pt  
d i m e n s i o n _ s e t u p _ w i n d o w  = c r e a t e _ d i m e n s i o n _ s e t u p ( ) ; 
m ain_m enu = lo o k u p _ w id g e t (G T K _ W I D G E T (b u tto n ) , " M ain_M en u" ); 
g t k  o b j e c t  s e t  data (G T K  O B J E C T (d im ens io n  s e t u p  w i n d o w ) , "main menu p o i n t e r  
" , m a i n _ m e n u ) ;
g t k _ w i d g e t _ s h o w ( d i m e n s i o n _ s e t u p _ w i n d o w ) ;
}
v o i d
o n _ m a i n _ u p d a t e _ i n f o r m a t i o n _ b u t t o n _ c l i c k e d
( G t k B u t t o n  ‘ b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
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G tk W id g e t * c u r r e n t _ u n i t s _ l a b e l ;
G tk W id g e t * c u r r e n t _ p u t t e r _ l a b e l ;
G tk W id g e t * c u r r e n t _ l a y o u t _ l a b e 1;
G tk W id g e t * c u r r e n t _ t r i a l _ l a b e l ;
G tk W id g e t * c u r r e n t _ s p e e d _ l a b e l ;
G tk W id g e t * c u r r e n t _ t r a j  e c t o r y _ l a b e l ;
g c h a r l a y o u t _ d i m e n s i o n s [ 5 0 ] ;
g c h a r s p e e d _ t e x t [ 5 0 ] ;
g c h a r t r a j e c t o r y _ t e x t [ 5 0 ] ;
g c h a r t r i a l _ t e x t [ 5 0 ] ;
g f l o a t s p e e d  ;
g f l o a t t r a j e c t o r y ;
/ / s e t s  p o i n t e r s  t o  t h e  c o r r e c t  l a b e l s  i n  t h e  w ind ow  
c u r r e n t _ u n i t s _ l a b e l  = lo o k u p _ w id g e t ( G T K _ W I D G E T ( b u tt o n ) , 
" m a i n _ u n i t _ s y s t e m _ l a b e l " ) ;
c u r r e n t _ p u t t e r _ l a b e l  = l o o k u p _ w id g e t ( G T K _ W I D G E T ( b u tt o n ) , 
" m a i n _ p u t t e r _ u s e d _ l a b e l " ) ;
c u r r e n t _ l a y o u t _ l a b e l  = l o o k u p _ w id g e t ( G T K _ W I D G E T ( b u tt o n ) , 
" m a i n _ l a y o u t _ d i m e n s i o n s _ l a b e l " ) ;
c u r r e n t _ t r i a l _ l a b e l  = lo o k u p _ w id g e t ( G T K _ W I D G E T ( b u tt o n ) , 
" m a i n _ c u r r e n t _ t r i a l _ l a b e l " ) ;
c u r r e n t _ s p e e d _ l a b e l  = lo o k u p _ w id g e t ( G T K _ W I D G E T ( b u tt o n ) , 
" m a i n _ b a l l _ s p e e d _ l a b e l " ) ;
c u r r e n t _ t r a j e c t o r y _ l a b e l  = lo o k u p _ w id g e t ( G T K _ W I D G E T ( b u t t o n ) , 
" m a i n _ b a l l _ t r a j  e c t o r y _ l a b e l " ) ;
/ / r e a d s  l a s t  d i g i t a l  i n f o r m a t i o n  f r o m  r e c e n t . t x t
f = f o p e n ( R E C E N T ," r " ) ;
i f ( ! f ) {
g _ p r i n t C r e c e n t . t x t  n o t  f o u n d \ n " )  ;
}w h i l e  ( f s c a n f ( f , " % f  %f" , & s p e e d , & t r a j e c t o r y )  1 = E 0 F ) ; 
f c l o s e ( f ) ;
/ / r e a d s  i n  c u r r e n t  u n i t  s y s t e m  fr o m  u n i t s . c f g  
f = f o p e n ( U N I T S _ C F G ," r " ) ; 
i f ( I f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % d " , & u n i t s )  !=E O F ); 
f c l o s e ( f ) ;
/ / r e a d s  c u r r e n t  d i m e n s i o n s  a n d  p u t t e r  u s e d  f r o m  s e n s o r . c f g  
f= fo p e n (S E N S O R _ C F G ," r " ) ; / / r e a d s
s e n s o r  c o n f i g  f o r  c a l c u l a t i o n s  
i f  ( ! f ) {
p r i n t f ( " p l e a s e  c o n f i g u r e  s e n s o r s  f i r s t \ n \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % f  %f %d", & L 9 ,& L 1 ,& p u t t e r _ u s e d )  1= E O F ); 
f c l o s e ( f ) ;
/ / r e a d s  i n  c u r r e n t  t r i a l  ( t a l l y )  f r o m  t a l l y . c f g
f= f o p e n ( T A L L Y _ C F G ," r " ) ;
i f ( ! f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % d " , & t a l l y )  !=E O F ); 
f c l o s e ( f ) ;
/ / u p a t e  t h e  u n i t  s y s t e m  u s e d  l a b e l :
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/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) (
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ u n i t s _ l a b e l ) , " I m p e r i a l
( E n g l i s h ) " ) ;
/ / m e t r i c  u n i t s  
} e l s e  i f ( u n i t s  == 2 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ u n i t s _ l a b e l ) , " M e t r i c  
( S t a n d a r d  I n t e r n a t i o n a l ) " ) ;
}
/ / u p d a t e  t h e  c u r r e n t  p u t t e r  u s e d  l a b e l :
/ / l o n g  s h a f t  p u t t e r  
i f ( p u t t e r _ u s e d  == 1 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , "Long S h a f t
P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  b l a c k  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 2 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " B la c k  Head  
S t a n d a r d  P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  i n s e r t  i n  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 3 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " I n s e r t  Head  
S t a n d a r d  P u t t e r " ) ;
}
/ / u p d a t e  t h e  l a y o u t  d i m e n s i o n s  l a b e l  a c c o r d i n g  t o  t h e  c u r r e n t  u n i t
s y s t e m :
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
s p r i n t f ( l a y o u t _ d i m e n s i o n s , " % . 2 f i n  ( r a i l - r a i l ) ,  % . 2 f i n  ( b a l l -  
r a i l )  " , L 9 , L D  ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ l a y o u t _ l a b e l ) , l a y o u t _ d i r a e n s i o n s )  ;
/ / m e t r i c  u n i t s
} e l s e  i f ( u n i t s  == 2 ) {
s p r i n t f ( l a y o u t _ d i T n e n s i o n s , " % . 2 f c m  ( r a i l - r a i l ) ,  % .2fcm  ( b a l l -  
r a i l ) " , L 9 * 2 . 5 4 , L 1 * 2 . 5 4 ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ l a y o u t _ l a b e l ) , l a y o u t _ d i m e n s i o n s )  ;
/ / u p d a t e  c u r r e n t  t r i a l  l a b e l  : 
s p r i n t f ( t r i a l _ t e x t , " %d", t a l l y ) ;
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r i a l _ l a b e l ) , t r i a l _ t e x t ) ;
/ / u p d a t e  b a l l  s p e e d  a n d  t r a j e c t o r y  l a b e l  
i f ( t a l l y  >= 1 ) {
/ / a c c o u n t  f o r  I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
s p r i n t f ( s p e e d _ t e x t , "%.2 f  i n / s e c " , s p e e d ) ; 
s p r i n t f ( t r a j e c t o r y _ t e x t , " % . 3 f  d e g r e e s " , t r a j e c t o r y ) ; 
/ / a c c o u n t  f o r  S I  u n i t s  
} e l s e  i f ( u n i t s  == 2)
s p r i n t f ( s p e e d _ t e x t , " % . 2 f  c m / s e c " , s p e e d * 2 . 5 4 ) ;  
s p r i n t f ( t r a j e c t o r y _ t e x t , " % . 3 f  d e g r e e s " , t r a j e c t o r y ) ;
e l s e {
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s p r i n t f ( s p e e d _ t e x t , " — R e c o r d  T r i a l  F i r s t  " ) ;
s p r i n t f  ( t r a j e c t o r y _ t e x t ,  " — R e c o r d  T r i a l  F i r s t — " ) ;
/ / n o w  u p d a t e  s p e e d  a n d  t r a j e c t o r y  l a b e l s :
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ s p e e d _ l a b e l ) , s p e e d _ t e x t ) ; 
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r a j e c t o r y _ l a b e l ) , t r a j e c t o r y _ t e x t ) ;
/ / p r i n t  o u t  w h a t  c u r r e n t  s e t t i n g s  a r e  t o  t h e  t e r m i n a l  s c r e e n
g _ p r i n t ( " u n i t  s y s t e m :  % d\n", u n i t s ) ;
g _ p r i n t ( " p u t t e r  u s e d :  % d \ n " , p u t t e r _ u s e d ) ;
g j p r i n t ( " d i m e n s i o n s  L9 = % .2 f ,  L I = % . 2 f \ n " , L 9 , L 1 ) ;
g _ p r i n t ( " t r i a l ( t a l l y ) : % d \ n \n " , t a l l y )  ;
v o i d
o n _ e r r o r _ w i n d o w _ O K _ b u t t o n _ c l i c k e d  ( G t k B u t t o n  *b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
g t k _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
v o i d
o n _ c o p y _ c o m p l e t e _ O K _ b u t t o n _ c l i c k e d  ( G t k B u t t o n
♦ b u t t o n ,
{
g p o i n t e r  u s e r _ d a t a )
c h a r  c o p y _ a n a l o g _ t e x t [ 1 5 0 0 ] ;  
c h a r  l a s t _ a n a l o g _ c o m m a n d [ 5 0 ] ; 
c h a r  c o p y _ d i g i t a l _ t e x t [ 1 5 0 0 ] ;  
c h a r  l a s t _ d i g i t a l _ c o m m a n d  [5 0 ]  ; 
i n t  c o u n t  = 0 ;
i n t  t a l l y  = 0 ;
/ / r e a d  c u r r e n t  t a l l y  number  
f = f o p e n (TALLY_CFG,"r"); 
i f { ! f ) (
p r i n t f ( " t a l l y . c f g  n o t  f o u n d \ n \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % d " , & t a l l y )  != E O F ); 
f c l o s e ( f ) ;
/ / b e g i n n i n g  o f  t h e  c o p y  command
s p r i n t f ( c o p y _ a n a l o g _ t e x t , " g n o m e - t e r m i n a l  - e ,  - - com m and=' m copy " ) ;  
s p r i n t f ( c o p y _ d i g i t a l _ t e x t , " g n o m e - t e r m i n a l  - e ,  - - co m m a n d = ' m copy " ) ;
/ / c o p y  command g u t s  
w h i l e ( c o u n t  < t a l l y ) {
s p r i n t f ( l a s t _ a n a l o g _ c o m m a n d , " % s a n a l o g _ % d . t x t  " ,D A T A _ D I R ,c o u n t ) ; 
s p r i n t f ( l a s t _ d i g i t a l _ c o m m a n d , " % s d i g i t a l _ % d . t x t  " ,D A T A _ D I R ,c o u n t ) ;
s t r c a t ( c o p y _ a n a l o g _ t e x t , l a s t _ a n a l o g _ c o m m a n d ) ; 
s t r c a t ( c o p y _ d i g i t a l _ t e x t , l a s t _ d i g i t a l _ c o m m a n d ) ;
c o u n t  = c o u n t  + 1;
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/ / w r a p  up  t h e  c o p y  command 
s p r i n t f ( l a s t _ a n a l o g _ c o m m a n d , " a :  ;
s p r i n t f ( l a s t _ d i g i t a l _ c o m m a n d , " a  : ' " ) ;
s t r c a t ( c o p y _ a n a l o g _ t e x t , l a s t _ a n a l o g _ c o m m a n d ) ; 
s t r c a t ( c o p y _ d i g i t a l _ t e x t , l a s t _ d i g i t a l _ c o m m a n d ) ;
/ / p r i n t  c o p y  command t o  t h e  s c r e e n
g _ p r i n t { " \ n a n a l o g  command = % s \ n " , c o p y _ a n a l o g _ t e x t ) ;
g _ p r i n t ( " \ n d i g i t a l  command = % s \ n " , c o p y _ d i g i t a l _ t e x t ) ;
/ / e x e c u t e  t h e  c o p y  command 
s y s t e m ( c o p y _ a n a l o g _ t e x t ) ; 
s l e e p ( 1 ) ;
s y s t e m ( c o p y _ d i g i t a l _ t e x t ) ;
/ / c l o s e s  c h i l d  w indow
g t k _ w i d g e t _ d e s t r o y { g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
v o i d
o n _ f i l e s _ d e l e t e d _ O K _ b u t t o n _ c l i c k e d  ( G t k B u t t o n
♦ b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
/ / c l o s e  w indow
g t k _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
v o i d
o n _ c o n f i r m _ t a l l y _ r e s e t _ O K _ b u t t o n _ c l i c k e d  ( G t k B u t t o n
♦ b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
G tk W id g e t  ♦ d e l e t e _ c o m p l e t e ;
G tk W id g e t  ♦ m a in _ m en u ;
G tk W id g e t  ♦ b u t t o n p a r e n t ;
G tk W id g e t  ♦ c u r r e n t _ u n i t s _ l a b e l ;
G tk W id g e t  ♦ c u r r e n t _ p u t t e r _ l a b e l ;
G tk W id g e t  ♦c u r r e n t _ l a y o u t _ l a b e 1;
G tk W id g e t  ♦ c u r r e n t _ t r i a l _ l a b e l ;
G tk W id g e t  ♦ c u r r e n t _ s p e e d _ l a b e l ;
G tk W id g e t  ♦ c u r r e n t _ t r a j  e c t o r y _ l a b e l ;
g c h a r  l a y o u t _ d i m e n s i o n s [ 5 0 ] ;
g c h a r  s p e e d _ t e x t [ 5 0 ] ;
g c h a r  t r a j e c t o r y _ t e x t [50 ]  ;
g c h a r  t r i a l _ t e x t [50]  ;
g f l o a t  s p e e d ;
g f l o a t  t r a j e c t o r y ;
/ / o p e n s  d e l e t e  c o m p l e t e  c o n f i r m a t i o n
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d e l e t e _ c o m p l e t e  = c r e a t e _ f i l e s _ d e l e t e d ( ) ;
/ / w r i t e s  t a l l y  b a c k  t o  z e r o  
f = fo p en (T A L L Y _ C F G ," w " ); 
i f ( ! f )
g _ p r i n t ( " t a l l y . c f g  n o t  f o u n d ! \ n " ) ; 
f p r i n t f ( f , " 0 " ) ;  
f c l o s e ( f ) ;
/ / d e l e t e s  o l d  f i l e s  
system(REMOVE_DATA);
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / /
/ / o p e n  a n d  u p d a t e  m a in  m enu- i n c l u d e  t h i s  i n  a l l  w ind ow  c l o s i n g  
b u t t o n s / / / / / / / / / / / / / / / / / / / /
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / /
b u t t o n p a r e n t  = g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ;
/ / d e f i n e d  when  t h i s  w in d o w  w a s  c r e a t e d  
m ain_m enu  =
g t k _ o b j e c t _ g e t _ d a t a ( G T K _ O B J E C T ( b u t t o n p a r e n t ) , " m a i n _ m e n u _ p o i n t e r " ) ;
/ / s e t s  p o i n t e r s  t o  t h e  c o r r e c t  l a b e l s  i n  t h e  w ind o w  
c u r r e n t _ u n i t s _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ u n i t _ s y s t e m _ l a b e l " ) ;
c u r r e n t j p u t t e r _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ p u t t e r _ u s e d _ l a b e l " ) ;
c u r r e n t _ l a y o u t _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ l a y o u t _ d i m e n s i o n s _ l a b e l " ) ;
c u r r e n t _ t r i a l _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ c u r r e n t _ t r i a l _ l a b e l " ) ;
c u r r e n t _ s p e e d _ l a b e l  = lo o k u p _ w id g e t (G T K _ W ID G E T (m a in _ m en u ) ,
" m a in _ b a 1 l _ s p e e d _ l a b e 1 " ) ;
c u r r e n t _ t r a j e c t o r y _ l a b e l  = lo o k u p _ w id g e t(G T K _ W ID G E T (m a in _ m en u ) , 
" m a i n _ b a l l _ t r a j  e c t o r y _ l a b e l " ) ;
/ / r e a d s  l a s t  d i g i t a l  i n f o r m a t i o n  fr o m  r e c e n t . t x t
f = f o p e n ( R E C E N T ," r " ) ;
i f ( ! f ) {
g _ p r i n t ( " r e c e n t . t x t  n o t  f o u n d \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % f  % f " , & s p e e d , & t r a j e c t o r y )  != E O F ); 
f c l o s e ( f ) ;
/ / r e a d s  i n  c u r r e n t  u n i t  s y s t e m  fr o m  u n i t s . c f g
f = f o p e n ( U N I T S _ C F G ," r " ) ;
i f ( ! f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
}w h i l e  ( f s c a n f ( f , " % d " , & u n i t s )  !=EOF);  
f c l o s e ( f ) ;
/ / r e a d s  c u r r e n t  d i m e n s i o n s  a n d  p u t t e r  u s e d  fr o m  s e n s o r . c f g  
f = fo p e n (S E N S O R _ C F G ," r " ) ; / / r e a d s
s e n s o r  c o n f i g  f o r  c a l c u l a t i o n s  
i f  ( ! f ) {
p r i n t f ( " p l e a s e  c o n f i g u r e  s e n s o r s  f i r s t \ n \ n " ) ;
} w h i l e  ( f s c a n f ( f , " % f  %f % d " ,& L 9 ,& L l ,& p u t t e r _ u s e d )  != E O F); 
f c l o s e ( f ) ;
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/ / r e a d s  i n  c u r r e n t  t r i a l  ( t a l l y )  fr o m  t a l l y . c f g
f= f o p e n ( T A L L Y _ C F G ," r " ) ;
i f ( ! f ) {
g _ p r i n t ( " u n i t s . c f g  n o t  f o u n d \ n " ) ;
}w h i l e  ( f s c a n f ( f , " % d " , & t a l l y )  !=EOF);  
f c l o s e ( f ) ;
/ / u p a t e  t h e  u n i t  s y s t e m  u s e d  l a b e l :
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ u n i t s _ l a b e l ) , " I m p e r i a l
( E n g l i s h ) " ) ;
/ / m e t r i c  u n i t s  
} e l s e  i f ( u n i t s  == 2 ) {
g t l t _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ u n i t s _ l a b e l ) , " M e t r i c  
( S t a n d a r d  I n t e r n a t i o n a l ) " ) ;
}
/ / u p d a t e  t h e  c u r r e n t  p u t t e r  u s e d  l a b e l :
/ / l o n g  s h a f t  p u t t e r  
i f ( p u t t e r _ u s e d  == 1 ) {
g t l î _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , "Long S h a f t
P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  b l a c l c  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 2 ) {
g t l c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " B la c lt  Head  
S t a n d a r d  P u t t e r " ) ;
/ / s t a n d a r d  p u t t e r  w i t h  i n s e r t  i n  h e a d  
} e l s e  i f ( p u t t e r _ u s e d  == 3 ) {
g t ) î _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ p u t t e r _ l a b e l ) , " I n s e r t  H ead  
S t a n d a r d  P u t t e r " ) ;
}
/ / u p d a t e  t h e  l a y o u t  d i m e n s i o n s  l a b e l  a c c o r d i n g  t o  t h e  c u r r e n t  u n i t
s y s t e m :
/ / I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
s p r i n t f ( l a y o u t _ d i m e n s i o n s , " % . 2 f i n  ( r a i l - r a i l ) ,  % . 2 f i n  ( b a l l -  
r a i l )  " , L 9 , L D  ;
g t l c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ l a y o u t _ l a b e l ) , l a y o u t _ d i m e n s i o n s ) ;
/ / m e t r i c  u n i t s
} e l s e  i f ( u n i t s  == 2 ) {
s p r i n t f ( l a y o u t _ d i m e n s i o n s , " % . 2 f c m  ( r a i l - r a i l ) ,  %.2fcra ( b a l l -  
r a i l ) " , L 9 * 2 . 5 4 , L 1 * 2 . 5 4 ) ;
g t ) c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ l a y o u t _ l a b e l ) , l a y o u t _ d i m e n s i o n s ) ;
/ / u p d a t e  c u r r e n t  t r i a l  l a b e l  : 
s p r i n t f ( t r i a l _ t e x t , " % d " , t a l l y ) ;
g t I c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r i a l _ l a b e l ) , t r i a l _ t e x t ) ;
/ / u p d a t e  b a l l  s p e e d  a n d  t r a j e c t o r y  l a b e l  
i f ( t a l l y  >= 1 ) {
/ / a c c o u n t  f o r  I m p e r i a l  u n i t s  
i f ( u n i t s  == 1 ) {
s p r i n t f ( s p e e d _ t e x t , " % . 2 f  i n / s e c  ", s p e e d ) ; 
s p r i n t f ( t r a j e c t o r y _ t e x t , " % . 3 f  d e g r e e s " , t r a j e c t o r y ) ; 
/ / a c c o u n t  f o r  S I  u n i t s  
j e l s e  i f ( u n i t s  == 2)
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s p r i n t f { s p e e d _ t e x t , " % . 2 f  c m / s e c " , s p e e d * 2 . 5 4 ) ;
s p r i n t f ( t r a j e c t o r y _ t e x t , " % . 3 f  d e g r e e s " , t r a j e c t o r y ) ;
e l s e {
s p r i n t f ( s p e e d _ t e x t , "— R e c o r d  T r i a l  F i r s t — " ) ;  
s p r i n t f ( t r a j e c t o r y _ t e x t , "— R e c o r d  T r i a l  F i r s t — " ) ;
}
/ / n o w  u p d a t e  s p e e d  a n d  t r a j e c t o r y  l a b e l s :
g t ) c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ s p e e d _ l a b e l ) , s p e e d _ t e x t ) ; 
g t l c _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ t r a j e c t o r y _ l a b e l ) , t r a j  e c t o r y _ t e x t ) ;
/ / p r i n t  o u t  w h a t  c u r r e n t  s e t t i n g s  a r e  t o  t h e  t e r m i n a l  s c r e e n  
g _ p r i n t ( " u n i t  s y s t e m :  % d\n", u n i t s ) ; 
g _ p r i n t ( " p u t t e r  u s e d :  % d \ n " , p u t t e r _ u s e d ) ; 
g _ p r i n t ( " d i m e n s i o n s  L9 = % .2 f ,  L I = % . 2 f \ n " , L 9 , L l ) ; 
g _ p r i n t ( " t r i a l ( t a l l y ) : % d \n \n " , t a l l y ) ;
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ / / / / / / / / / / / / / / / / / / /
g t l c _ w i d g e t _ s h o w ( d e l e t e _ c o m p l e t e ) ;
/ / c l o s e s  c h i l d  w ind o w
g t ) c _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
v o i d
o n _ c o n f i r m _ t a l l y _ r e s e t _ C A N C E L _ b u t t o n _ c l i c I c e d  (G tlcB u tto n
♦ b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
g t k _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
v o i d
o n _ l a y o u t _ h e l p _ b u t t o n _ c l i c k e d  ( G t k B u t t o n  ♦ b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
{
G tk W id g e t  ♦ l a y o u t _ h e l p ;
/ / o p e n s  d e l e t e  c o m p l e t e  c o n f i r m a t i o n  
l a y o u t _ h e l p  = c r e a t e _ l a y o u t _ h e l p _ w i n d o w ( ) ; 
g t k _ w i d g e t _ s h o w ( l a y o u t _ h e l p ) ;
v o i d
o n _ l a y o u t _ h e 1 p _ c 1o s e _ b u 1 1 o n _ c l i c k e d  ( G t k B u t t o n  ♦ b u t t o n ,
g p o i n t e r  u e e r _ d a t a )
g t k _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n )  ) ) ;
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v o i d
o n _ s t r a i n _ g a 9 e _ s t a r t _ b u t t o n _ c l i c k e d  ( G t k B u t t o n  ‘ b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
G tk W id g e t * c u r r e n t _ s t r a i n _ l a b e l ;
G tk W id g e t * s t r a i n _ o p t i o n _ m e n u ;
G tk W id g e t * s t r a i n _ m e n u ;
G tk W id g e t * s t r a i n _ a c t i v e _ i t e m ;
G tk W id g e t * t  i m e _ o p t  i o n _ m e n u ;
G tk W id g e t * t im e _ m e n u ;
G tk W id g e t * t i m e _ a c t i v e _ i t e m ;
g c h a r s t r a i n _ t e x t [ 5 0 ] ;
i n t a n a l o g _ p o r t  = 0 ;
g i n t s t r a i n _ a c t i v e _ i n d e x ;
g i n t t  i m e _ a c  t  i v e _ i  n d e x ;
/ / s e t s  p o i n t e r s  t o  t h e  c o r r e c t  l a b e l s  i n  t h e  w ind ow  
c u r r e n t _ s t r a i n _ l a b e l  = lo o k u p _ w id g e t (G T K _ W I D G E T (b u tto n ) ,
"s t r a i n _ g a g e _ r e a d o u t _ l a b e l " ) ;
/ / r e a d s  t h e  s t r a i n  menu o p t i o n  a n d  t h e n  s t o r e s  n u m e r i c a l  v a l u e  t o  
' s t r a i n _ a c t i v e _ i n d e x '
s t r a i n _ o p t i o n _ m e n u  = 
lo o k u p _ w id g e t (G T K _ W I D G E T (b u tto n ) , " s t r a i n _ g a g e _ o p t i o n m e n u " ) ;
s t r a i n _ m e n u  = G T K _O P T IO N _M E N U (stra in_op t ion _m en u)-> m en u;  
s t r a i n _ a c t i v e _ i t e r a  = g t k _ m e n u _ g e t _ a c t iv e ( G T K _ M E N U ( s t r a in _ m e n u ) ) ;  
s t r a i n _ a c t i v e _ i n d e x  = g _ l i s t _ in d e x ( G T K _ M E N U _ S H E L L ( s t r a in _ m e n u ) -  
> c h i l d r e n , s t r a i n _ a c t i v e _ i t e m ) ;
/ / r e a d s  t h e  t i m e  d e l a y  menu o p t i o n  a n d  t h e n  s t o r e s  n u m e r i c a l  v a l u e  t o  
' t i m e _ a c t i v e _ i n d e x '
t i m e _ o p t io n _ m e n u  = 
l o o k u p _ w id g e t (G T K _ W I D G E T (b u tto n ) , " s t r a i n _ g a g e _ d u r a t  i o n _ o p t  i o n m e n u " ) ;  
t im e_ m e n u  = G TK_O PTIO N_M ENU(tim e_option_m enu)->m enu;  
t l T n e _ a c t i v e _ i t e m  = g t k _ m e n u _ g e t _ a c t iv e ( G T K _ M E N U ( t im e _ m e n u ) ) ;  
t i m e _ a c t i v e _ i n d e x  = g _ l is t_ in d e x (G T K _ M E N U _ S H E L L (t im e _ m e n u ) - 
> c h i l d r e n , t i m e _ a c t i v e _ i t e m ) ;
g _ p r i n t ( " S t r a i n  g a g e  s e l e c t e d :  % i \ n " , s t r a i n _ a c t i v e _ i n d e x ) ; 
g _ p r i n t ( " t i m e  d e l a y  s e l e c t e d :  % i \n " , t i m e _ a c t i v e _ i n d e x ) ;
/ / g o  n o w h e r e  i f  p a r a m e t e r s  a r e  n o t  d e f i n e d  
i f ( ( s t r a i n _ a c t i v e _ i n d e x  = = 0 )  | |  ( t i m e _ a c t i v e _ i n d e x  == 0 ) ) {  
s p r i n t f ( s t r a i n _ t e x t , "— P l e a s e  Make a  S e l e c t i o n — " ) ;  
g t k _ l a b e l _ s e t _ t e x t ( G T K _ L A B E L ( c u r r e n t _ s t r a i n _ l a b e l ) , s t r a i n _ t e x t ) ; 
/ / w r i t e  f i l e  a n d  r u n  p r o g r a m  
} e l s e {
/ / s e t  t h e  c o r r e c t  p o r t  number  
a n a l o g _ p o r t  = s t r a i n _ a c t i v e _ i n d e x  -  1 ;
s t r a i n . c f g
/ / w r i t e s  t h e  t i m e  p a u s e  a l o n g  w i t h  t h e  d u r a t i o n  t o  d i s p l a y  t o
f= fo p en (S T R A IN _ C F G ," w " ); 
i f ( ! f ) (
p r i n t f ( "ERROR w i t h  s t r a i n . c f g  f i l e \ n " ) ;
} ( f p r i n t f ( f , "%d %d", t i m e _ a c t i v e _ i n d e x , a n a l o g _ p o r t ) ) ;  
g _ p r i n t ( " s t r a i n . c f g  s t o r e d \ n " ) ; 
f c l o s e ( f ) ;
system(NEW_TERMINAL_STRAIN_G);
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}}
v o i d
o n j p o s t _ p r o c e s s _ w i n d o w _ o k _ b u t t o n _ c l i c k e d
(G t k B u t t o n  * b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
g t k _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
v o i d
o n _ s t r a i n _ g a g e _ r e a d o u t _ c l o s e _ b u t t o n _ c l i c k e d
( G t k B u t t o n  *b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
g t k _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
v o i d
o n _ a b o u t _ c l o s e _ b u t t o n _ c l i c k e d  ( G t k B u t t o n  *b u t t o n ,
g p o i n t e r  u s e r _ d a t a )
g t k _ w i d g e t _ d e s t r o y ( g t k _ w i d g e t _ g e t _ t o p l e v e l ( G T K _ W I D G E T ( b u t t o n ) ) ) ;
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